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ABSTRACT 
 
Planning efforts conducted during the early stages of a construction project, known 
as front end planning (FEP), have a large impact on project success and significant 
influence on the configuration of the final project. As a key component of FEP, front end 
engineering design (FEED) plays an essential role in the overall success of large industrial 
projects. The primary objective of this dissertation focuses on FEED maturity and accuracy 
and its impact on project performance. The author was a member of the Construction 
Industry Institute (CII) Research Team (RT) 331, which was tasked to develop the FEED 
Maturity and Accuracy Total Rating System (FEED MATRS), pronounced “feed matters.” 
This dissertation provides the motivation, methodology, data analysis, research findings 
(which include significant correlations between the maturity and accuracy of FEED and 
project performance), applicability and contributions to academia and industry. A scientific 
research methodology was employed in this dissertation that included a literature review, 
focus groups, an industry survey, data collection workshops, in-progress projects testing, 
and statistical analysis of project performance. The results presented in this dissertation are 
based on input from 128 experts in 57 organizations and a data sample of 33 completed 
and 11 on-going large industrial projects representing over $13.9 billion of total installed 
cost. The contributions of this work include: (1) developing a tested FEED definition for 
the large industrial projects sector, (2) determining the industry’s state of practice for 
measuring FEED deliverables, (3) developing an objective and scalable two-dimensional 
method to measure FEED maturity and accuracy, and (4) quantifying that projects with 
high FEED maturity and accuracy outperformed projects with low FEED maturity and 
accuracy by 24 percent in terms of cost growth, in relation to the approved budget.    
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1. INTRODUCTION 
 
Front end planning (FEP) is the process of developing sufficient strategic 
information with which owners can address risk and decide to commit resources to 
maximize the chance for a successful project (Gibson et al. 1993).  FEP is arguably the 
most important process within the project lifecycle (Gibson et al. 1995). Additionally, 
planning efforts conducted during FEP can have significantly more influence on project 
success than efforts undertaken after detailed design and construction have begun (Gibson 
and Dumont 1996). The Construction Industry Institute (CII) has made front end planning 
and project scope definition a research focus area for over 25 years. Moreover, several 
studies have proved the impact of planning on project performance (e.g., Dumont et al. 
1997, Cho and Gibson 2000, Walker and Shen 2002, Islam and Faniran 2005, González et 
al. 2008, Menches et al. 2008, González et al. 2010, Kim et al. 2013, Kim et al. 2014, Wu 
and Issa 2014, Bingham and Gibson 2016, Hastak and Koo 2016, Collins et al. 2017, 
Javanmardi et al. 2017, ElZomor et al. 2018, Yussef et al. 2019a). 
While addressing FEP of projects in general, past research efforts have not focused 
specifically on assessing the maturity and accuracy of front end engineering design (FEED) 
for large industrial projects. Furthermore, prior to this research investigation, a tested 
definition for FEED had not been agreed upon, which caused confusion and inconsistency 
in FEED perceptions in the industry. A consistent understanding of FEED will help 
improve the alignment of the project stakeholders as the project moves forward.   
This dissertation provides the missing link for the industrial construction sector by 
developing the FEED Maturity and Accuracy Total Rating System (MATRS) to maximize 
the predictability of project success. The primary objective of this dissertation is to provide 
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details about the research background, data collection efforts, consistent FEED definition 
development, FEED MATRS development and testing, project performance analysis, key 
findings, and research contributions. 
1.1 Research Team 331 
 
 CII tasked Research Team 331 (RT 331) with developing an objective and efficient 
tool specifically for assessing the maturity and accuracy of FEED for large industrial 
projects. The team consisted of nineteen industry experts representing ten owners and 11 
contractors, in addition to four academic members. The RT members had an average 
industry experience of more than 25 years and represented several industry sectors, such 
as petrochemical, power, water and wastewater, and metals manufacturing.  The industry 
members have held a wide array of positions including president, senior director, director 
of engineering, senior manager, project manager, project engineering manager, consultant 
engineer, and others.  A list of the research team members and their organizations is 
included on the appendix section.  
The research team met every 7-10 weeks in various locations across the United 
States, and once in Mexico, between May 2015 and September 2017, with meetings lasting 
approximately one and a half days at each occurrence. The meetings were hosted by several 
of the RT members and facilitated by the academic members. The goal of the initial team 
meetings was to solidify the research objectives and outline a research method. The 
research was executed during the subsequent meetings, as well as between meetings, 
through online collaboration and individual efforts. The academic members facilitated 
focus groups which included brainstorming sessions during team meetings, web-based 
conference calls, as well as individual reviews to frame the research.  
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 The author was one of the academic members of the RT and spearheaded several 
research steps.  First, the author performed an extensive literature review that formed the 
baseline for the study. Second, the author administered an industry survey that targeted 
experienced FEED professionals to determine the FEED state of practice. The author 
analyzed the survey results which help in developing the first tested FEED definition and 
determining how organizations assess FEED maturity and accuracy. Third, the author 
supported the facilitation of four separate industry workshops to capture completed project 
data and test FEED MATRS. Fourth, the author performed statistical analyses to test the 
correlation of FEED maturity and accuracy with project performance. Fifth, the author was 
the primary author of the four peer-reviewed journal papers associated with this research 
effort. The author was also one of the primary authors for several publications required by 
CII that summarized the research investigation and implementation of FEED MATRS. 
Finally, the author further supported the research through several administrative tasks 
including preparation for team meetings and industry workshops, detailed documentation 
of team meetings, and team-member coordination. 
1.2 Problem Statement 
 
 Project owners expect to be able to make informed decisions, including cost and 
schedule predictions to determine whether the project should proceed to the next phase, the 
level of contingency needed for the project, and the predicted impact of FEED maturity 
and accuracy on the success of follow-up phases. While addressing FEP of projects in 
general, past research efforts have not focused specifically on measuring the maturity and 
accuracy of the engineering design component of FEED for large industrial projects. This 
study highlighted the lack of clarity around the FEED definition and deliverables and both 
owner and contractors are in agreement that more consistency was needed around the 
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FEED criteria. Thus, a standardized FEED definition for large industrial projects is 
warranted. The standardized FEED definition will help all project stakeholders establish 
the same understanding and expectations of FEED, which will result in better FEP 
planning. 
 An overarching goal of this dissertation is to address the confusion around the 
quality and completeness of the desired engineering deliverables at the end of FEP while 
providing more guidance to improve consistency in the outcomes regardless of who is 
conducting the project evaluation. The industrial project sector could greatly benefit an 
objective and effective framework to assist in assessing the maturity and accuracy of FEED 
to maximize the predictability of project success for large industrial projects.  
1.3 Research Objectives 
 
The author and research team set forth the following objectives: 
1. Develop a tested FEED definition for the large industrial projects sector  
2. Gauge the industry’s state of practice in assessing FEED maturity and accuracy 
3. Develop an effective two-dimensional framework to evaluate FEED maturity and 
accuracy for industrial projects  
4. Quantify the impact of their FEED maturity and accuracy on project performance 
1.4 Research Scope 
 
 The scope of this FEED research focuses on large and complex industrial projects, 
which, based on the findings of Collins et al. (2017), are projects with the following 
characteristics: (1) projects completed within industrial facilities such as oil/gas production 
facilities, refineries, chemical plants, pharmaceutical plants, etc.; (2) with a total installed 
cost greater than  $10 million; (3) a construction duration greater than nine months; and (4) 
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more than ten core team members (e.g., project managers, project engineers, owner 
representatives).  
1.5 Research Hypotheses 
 
The author and research team assert that FEED maturity and accuracy levels 
correspond to project performance. Cost, schedule, and change performance differences 
between projects with varying FEED maturity and accuracy scores will be tested to confirm 
this assertion. The testing of project performance is described in detail in Chapters 3, 4, 
and 5. The specific research hypotheses are as follows: 
Hypothesis 1: A standardized definition of FEED is warranted in the industrial 
project sector. 
To test this hypothesis, a survey was developed by the research team and shared 
with CII member organizations to gauge the current state of practice of FEED in the 
industry, along with the commonly used definitions of FEED, maturity, and accuracy. 
Eighty survey responses were received, and feedback was incorporated into the definitions 
of FEED, FEED maturity, and FEED accuracy published in this dissertation. The results 
of this survey also helped kick start the tool development effort. 
Hypothesis 2: The combination of FEED maturity and accuracy improves project 
performance. 
To test this hypothesis, an objective and scalable framework was provided through 
a series of four industry-sponsored workshops to engineering professionals experienced in 
large industrial projects. Specific project data regarding (1) FEED development effort 
along with cost and schedule budgets at the beginning of detailed design, and (2) project 
cost, schedule, and changes at the completion of the projects were collected and analyzed. 
FEED maturity and accuracy scores were calculated for each project and compared to 
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project performance data through statistical analysis. This is an overarching hypothesis for 
three distinct sub-hypotheses tested in this study:   
• Hypothesis 2.1: FEED maturity and accuracy impact cost growth. 
• Hypothesis 2.1: FEED maturity and accuracy impact schedule 
growth. 
• Hypothesis 2.1: FEED maturity and accuracy impact change 
performance. 
Hypothesis 3: In-progress testing of projects shows that FEED MATRS adds 
value to the FEED development effort for large industrial projects. 
To test this hypothesis, FEED MATRS was tested in four workshops. The 
commentary provided by the workshop participants confirmed that FEED MATRS adds 
value to the FEED development process and helped project teams identify gaps that 
otherwise may not have been considered in the FEED phase of their large industrial 
projects. 
1.6 Research Method 
 
This section outlines the overarching research method used in this study. This 
method was developed and proven in previous CII FEP research (e.g., Dumont et al. 1997; 
Cho and Gibson 2000; Bingham and Gibson 2016; Collins 2017; ElZomor et al. 2018) and 
chosen due to its reliability in achieving the research objectives and hypotheses 
confirmation. Specific research methods and concepts, including content analysis, 
conceptualization, population sampling, data collection procedures, survey research, and 
statistical data analysis procedures are described in this section. 
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 Table 1 provides a summary of the research method and data analysis techniques 
used throughout this study. The table lists the methods used early in the process to develop 
key definitions, all the way to developing and testing the assessment framework. Methods 
vary from review of literature to industry surveys, case studies, focus groups and statistical 
analyses of project data.  Figure 1 organizes this information in a logic flow diagram of the 
research method, providing a high-level visual representation of the steps undertaken by 
the author and the research team to test the research hypotheses. The following sections 
describe the steps shown in Figure 1 and the role of the author and research team during 
each step.  
Table 1. Research and Data Analysis Methods 
FEED MATRS 
Development Phase 
Research Method               
Employed Data Analysis Method 
Develop FEED, Maturity 
and Accuracy Definitions 
Literature Reviews  
Surveys 
Purposive Sampling 
Snowball Sampling 
Focus Groups 
Histograms 
Pie-Charts 
Word Frequency Analysis 
Independent Sample t-test 
Mann-Whitney U Test 
Develop FEED MATRS 
Maturity Elements and 
Score Sheet 
Conceptualization  
Content Analysis 
Focus Groups 
 
Develop FEED MATRS 
Accuracy Factors and Score 
Sheet 
Conceptualization  
Content Analysis 
Focus Groups 
 
Accuracy Factor 
Prioritization 
Workshops  
Focus Groups 
Modified Delphi Method 
Group Ranking 
Factor Score Normalization 
Test FEED MATRS  
Survey 
Case Studies 
Statistical Analysis 
Skewness Tests 
Boxplots 
Independent Sample t-test 
Mann-Whitney U Test 
Regression Analysis 
 
 
Figure 1. Research Method  
1. Literature 
Review
2. Focus 
Groups
3. Industry 
Survey
4. FEED 
MATRS 
Tool 
Development
5. Data 
Collection 
Workshops
6. Analysis 
of Project 
Performance
7. Testing 
of In-
progress 
Projects
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1.6.1 Literature Review and Focus Groups 
The first step of the research method is the literature review, which started with 
identifying FEED definitions and typical engineering design issues associated with design 
maturity and accuracy for large industrial projects. The literature review was conducted by 
searching library databases including the American Society of Civil Engineers (ASCE), 
Association for the Advancement of Cost Engineering International (AACE), CII, Elsevier, 
Google Scholar, ProQuest, and Taylor & Francis. The author conducted several searches 
that included the following keywords: FEP, FEED, engineering design, maturity, accuracy, 
FEED assessment, and large industrial projects. After analyzing the literature, the author 
then presented the findings to the research team which was divided into specific focus 
groups based on team members’ background and experience. 
  During the focus groups, the research team finalized the definitions of FEED, 
FEED maturity, and FEED accuracy. The focus groups included brainstorming sessions 
during team meetings, web-based conference calls, as well as concurrent individual 
reviews. 
1.6.2 Industry Survey on FEED, FEED Maturity, and FEED Accuracy 
The findings from the literature review and focus groups formed a solid foundation 
for the industry survey that explored FEED’s state of practice. A multi-part, fifteen-
question survey was conducted to better understand how organizations define FEED, and 
how organizations assess FEED on current projects at the end of detailed scope (Phase 
Gate 3). The survey was distributed electronically to 211 individuals representing 130 CII 
member organizations. Eighty (80) survey responses were received representing 33 
organizations (19 owners and 14 contractors). As a result of the survey, the author and 
research team solidified a definition for FEED and gained a better understanding of its state 
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of practice in the industry. This understanding served as a foundation to create the initial 
draft version of the FEED maturity and accuracy assessments; the final versions of these 
were later combined into FEED MATRS.   
1.6.3 Tool Development and Data Collection Workshops 
FEED MATRS consists of two assessments. First, the FEED maturity assessment 
is based on the 46 engineering elements of the PDRI for industrial projects. The research 
team developed detailed descriptions of each rating of 0 to 5 for each of the 46 engineering 
elements as described in Chapter 3. Second, the FEED accuracy assessment started with 
identifying 37 accuracy factors from the literature review and the industry survey, and 
relied on focus group exercises to identify any missing factors that needed to be added any 
similar factors that needed to be combined. The author, with input from the research team, 
also developed detailed definitions for each of the accuracy factors. The number of factors 
was narrowed down to a final list of 27 based on workshop input, and the author developed 
weights for each of these factors through data collection workshops as discussed in Chapter 
4. The resulting maturity and accuracy assessments were combined to form the new FEED 
MATRS assessment as detailed in Chapter 5. 
The data collection workshops allowed the author to review, test, and finalize 
FEED MATRS. Four geographically dispersed workshops were hosted across the United 
States and Canada, as shown in Table 2. Overall, 48 industry professionals representing 31 
organizations (14 owners and 17 contractors) attended the workshops as shown in Table 3. 
The participants have a combined engineering and project management experience of 962 
years with an average of 20 years of experience per participant. During the workshops, 
FEED MATRS was tested on completed projects to verify its usability in a project team 
setting and its viability as a predictor of project performance. Throughout the workshops, 
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participants were asked to offer feedback on the FEED maturity and accuracy assessments, 
the FEED maturity element descriptions and FEED accuracy factor definitions, and how 
to improve FEED MATRS. Participants’ input from every workshop was used to update 
and modify the draft tool to better represent industry terminology and typical risks 
associated with large industrial projects, before the next workshop. The updated version of 
the tool would be used in subsequent workshops, and so on. Ten organizations were 
represented in the first workshop, five in the second, eight in the third, and 11 in the fourth.    
Table 2. Workshop Locations, Dates, and Number of Participants 
Location Date No. of Participants 
Houston, Texas July 26, 2016 14 
Seal Beach, California November 02, 2016 6 
Cherry Hill, New Jersey November 09, 2016 9 
Calgary, Alberta, Canada December 01, 2016 19 
Total: 4 Workshops  Total: 48 Participants 
 
 
Table 3. Organizations Represented at the Workshops 
Owners (14) Contractors (17) 
Cargill 2.9 Inc. 
Chevron  AECOM 
DuPont Altran US Corp. 
Eli Lilly and Company Emerson Process Management 
GlaxoSmithKline Faithful + Gould 
Huntsman Corporation Fluor 
Husky Energy Fluor Canada, Ltd. 
INEOS Olefins & Polymers USA Hargrove Engineers + Constructors  
Infineum, USA L.P. Merrick & Co. 
Johnson & Johnson Mott MacDonald 
Nova Chemicals, Ltd. Odebrecht 
Shell Canada, Ltd. Revay & Associates, Ltd. 
Tesoro Companies, Inc. S&B Engineers and Constructors 
TransCanada Pipelines  Pathfinder, LLC. 
 Technip 
 Undisclosed 
 Zachary Group 
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Each workshop began with an explanation of FEED MATRS, the purpose and goals 
of the research, and the desired product. Participants provided background information that 
included their company, position, the participant’s total years of experience, types of 
projects completed, and the percentage of work experience involving large industrial 
projects, and specifically how long each participant had been involved in FEED. 
Participants used one of their recently completed large industrial projects as a reference for 
providing relevant project performance data. During the workshops, FEED maturity and 
accuracy data were collected for each project. Then, FEED maturity and accuracy scores 
were computed to reflect a specific point in time (Phase Gate 3) for that project. The scores 
were later correlated with the performance metrics that include cost change, schedule 
change, change order performance, financial performance, and customer satisfaction 
matching expectations.  
Industry professionals from 31 different organizations submitted 33 projects with 
sizes ranging from $7.05 to $1,939 million, and from 240 to 2,340 schedule days. These 
33 completed projects represent over $8.83 billion in total installed cost and are 
geographically dispersed across six countries and nine states of the US. Figure 2 shows the 
geographical location of the completed and in-progress projects. The projects include 
twelve chemical plants, seven refineries, six pipeline projects, two pharmaceutical 
manufacturing facilities, three oil and gas projects, one remediation facility, one terminal 
operations facility, one food manufacturing plant, one power plant, one corporate museum 
renovation, one process plant, one compression station, and one heavy industrial 
processing facility.   
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Figure 2. Geographical Location of the Projects Sample 
1.6.4 Data Analysis 
The author used several statistical methods to analyze the data collected at the 
workshops. Statistical analysis allowed the author to interpret the data and provided a basis 
to offer recommendations to the research team regarding the efficacy of FEED MATRS in 
measuring FEED maturity and accuracy and predicting project outcomes. The methods 
employed by the author to analyze the data include boxplots, histograms, normality tests, 
variance tests, regression analyses, t-tests, Mann-Whitney-Wilcoxon ranked sum tests and 
step-wise sensitivity analyses. Microsoft Excel™, SPSS™, Minitab™, and the statistical 
R package were the primary software platforms used to analyze data. 
It should be noted that the author made every effort to keep confidential any 
personal or proprietary information collected from individuals that provided data to support 
the research effort. In accordance with CII policy, all data provided to the academic 
research team in support of this research activity is considered confidential information. 
Individual company data will not be communicated in any form to any party other than the 
academic research team. Any analyses based on these data that are shared in this 
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dissertation represent summaries of data from multiple participating organizations that 
have been aggregated in a way that will preclude identification of proprietary data and the 
specific performance of individual organizations. 
1.6.5 Testing of In-progress Projects 
After performing the statistical analyses on completed projects, the tool was 
finalized and tested on in-progress projects as well, i.e., projects currently engaged in the 
FEP phase. Data collected from 11 in-progress projects worth over $5 billion were used as 
case studies or an in-depth examination of a single instance. The research team performed 
this additional step to confirm the validity and test the efficacy of the new assessment 
framework, while also discerning when and how FEED MATRS can be applied in FEP, 
and the value it brings to the scope development process.  
1.7 Dissertation Structure 
 
The next four chapters of this dissertation are organized into a complete academic 
journal paper format. Chapters 2, 3, 4, and 5 each represent an independent stand-alone 
article and, therefore, include an abstract, introduction, review of the relevant literature, 
methodology, analysis, discussion of results, conclusion, and references specific to the 
content of that article. Chapter 1 introduced the research team, problem statement, research 
objectives, project scope, research hypothesis, research methodology, and the structure of 
the dissertation itself.  
Chapter 2 provides the FEED industry perceptions and state of practice. The article 
is based on the industry survey which provided the path forward for the study. The article 
presents the first industry-accepted and tested FEED, FEED maturity, and FEED accuracy 
definitions. The conference paper version of this article was published in the Engineering 
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Project Organization Conference (EPOC 2017). This article is submitted for publication in 
the ASCE Practice Periodical on Structural Design and Construction.  
Chapter 3 focuses on quantifying FEED maturity and its impact on project 
performance in terms of cost change, schedule change, change performance, financial 
performance, and customer satisfaction. Additionally, the article studies the influence of 
FEED maturity on owner contingency. The conference paper version of this article was 
awarded the best paper at the ASCE Construction Research Congress (CRC 2018) 
Conference. This article was published in the ASCE Journal of Management in 
Engineering.  
  Chapter 4 provides an in-depth representation of the FEED accuracy assessment 
and its development effort. The article provides an analysis of FEED accuracy and its 
impact on project performance in terms of cost change, schedule change, change 
performance, financial performance, and customer satisfaction. It is submitted for 
publication in the ASCE Journal of Management in Engineering. 
Chapter 5 presents the two-dimensional model of FEED maturity and accuracy and 
its impact on project performance. It also describes the comprehensive FEED MATRS 
development and testing. This article is submitted for publication in the Taylor & Francis 
Journal of Construction Management and Economics. 
Following the four journal articles in Chapters 2, 3, 4, and 5, the final chapter of 
this dissertation includes overall conclusions, major findings of each article, and 
recommendations for future work.  
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2. FEED INDUSTRY PERCEPTIONS AND STATE OF PRACTICE 
2.1 Abstract 
 
Planning efforts conducted during the early stages of a construction project, known 
as front end planning (FEP), have a large impact on project success and significant 
influence on the configuration of the final project. As a key component of FEP, front end 
engineering design (FEED) plays an essential role in the overall success of large industrial 
projects. This paper is motivated by the existing confusion around the quality and 
completeness of the desired engineering deliverables at the end of FEED. The primary 
objective of this paper focuses on ascertaining the perception of the FEED process by 
administering a detailed survey that targets experienced FEED professionals on large 
industrial projects. A key result of this survey is that there is no consistent definition of 
FEED, which led the researchers to develop a comprehensive FEED definition based on 
80 survey responses. The contributions of this work include (1) developing a tested FEED 
definition for the large industrial projects sector, (2) determining the industry’s state of 
practice for measuring FEED deliverables, (3) reaffirming 30 percent of engineering design 
complete as a threshold for FEED. 
2.2 Introduction 
Several studies have proved the impact of planning activities and decisions on 
project performance (e.g., Dumont et al. 1997; Cho and Gibson 2000; González et al. 2010; 
Kim et al. 2013; Ikpe et al. 2014; Kim et al. 2014; Wu and Issa 2014; Bingham and Gibson 
2016; Hastak and Koo 2016; Chokor et al. 2017; Collins et al. 2017; Javanmardi et al. 
2017; ElZomor et al. 2018; Yussef et al. 2018; Yussef et al. 2019a). Effective planning 
includes early involvement of key contractors and suppliers, proper project governance, 
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clear definition of decision-making responsibilities, and the development of a 
comprehensive execution plan (Jergeas et al. 2010). 
Front end planning (FEP) is defined as the process of developing sufficient strategic 
information with which owners can address risk and decide to commit resources to 
maximize the chance for a successful project (Gibson et al. 1995). FEP has been considered 
by the Construction Industry Institute (CII) as a best practice for more than 20 years 
(Collins et al. 2017). Additionally, FEP is arguably the single most important process in a 
project’s lifecycle and is considered a critical process for uncovering project unknowns 
while developing an adequate scope definition following a structured approach for the 
project execution process (CII 2006a).  
Although front end engineering design (FEED) is a critical component of FEP, past 
studies have not used a consistent FEED definition nor benchmarked its state of practice. 
No definitions were found to precisely describe FEED maturity and accuracy which can 
improve the project owner’s ability to make informed and reliable decisions including cost 
and schedule predictions. These decisions also include the contingency level needed for 
the project and the predicted impact on the success of subsequent phases, namely detailed 
design, construction, project execution, and start-up. As a result, there is an industry-wide 
confusion around the quality and completeness of the desired engineering deliverables at 
the end of FEP (El Asmar et al. 2018). Both the owner and the engineer have to be aligned 
as the project design process moves forward (Griffith and Gibson 2001). Based on the 
findings of El Asmar et al. (2018), mature and accurate FEED also results in better project 
performance. Furthermore, effective FEED efforts can reduce commissioning and start-up 
challenges (O’Connor et al. 2016) and allow for effective sustainability practices to be 
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incorporated in the project including the selection of more environmentally friendly 
materials and technologies (Yates 2014).       
Due to the significance of FEED in the overall project success and the inconsistency 
in its existing definitions, this paper documents the current industry state of practice of 
FEED and its maturity and accuracy, and provides the first widely-accepted industry tested 
FEED definition for the large industrial projects sector.  The results are based on a 15-
question survey that gathered information from experienced industry practitioners. The 
developed definitions aim to align project stakeholders’ FEED expectations. The results 
also show that the development of an assessment framework to effectively measure FEED 
maturity and accuracy is warranted.  A research team of industry members with 
considerable industrial construction experience and academic members was formed for this 
study, and the findings of this work are presented in this paper. The research followed a 
scientific research method. First, a systematic review of various engineering and 
construction literature was completed to recognize previous efforts that focused on the 
maturity and accuracy of engineering design, in addition to studies that looked explicitly 
at FEED. Second, based on the outcomes of the literature review, gaps in knowledge 
concerning FEED were identified, and research objectives and method were developed. 
The author then held focus groups with 24 industry experts to develop the study’s 
definitions for FEED and  related key terms. This was followed by an industry survey that 
targeted 80 experienced FEED professionals.  
The overall goal of this paper is to determine the state of practice of FEED for 
industrial construction. The scope of this research focused on large industrial projects, 
which, based on the findings of Collins et al. (2017), are projects with the following 
characteristics: (1) projects completed within industrial facilities such as (or similar to) 
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oil/gas production facilities, refineries, chemical plants, pharmaceutical plants, etc., (2) 
with a total installed cost greater than USD 10 million, (3) a construction duration greater 
than nine months, and (4) more than ten core team members (e.g., project managers, project 
engineers, owner representatives).  
2.3 Literature Review 
 
The first step of this research investigation consisted of a thorough review of the 
engineering and construction literature to summarize the state of knowledge of FEED and 
develop standardized definitions of “FEED,” “FEED maturity,” and “FEED accuracy.” 
One finding is that FEED has several inconsistent definitions in the literature. The literature 
review is structured in four subsections. First, the literature regarding FEP is discussed 
within the context of engineering design and other past research on the subject. Second, 
FEED literature is discussed, and existing definitions are identified. Third, the maturity of 
FEED and the Project Definition Rating Index (PDRI) are discussed. Previous research 
developing the PDRI served as a baseline for determining which engineering design 
components most appropriately represent the maturity of design during FEED. Fourth, the 
literature around the accuracy of FEED is discussed.  
2.3.1 Front End Planning (FEP) 
Hamilton and Gibson (1996) outlined 14 specific activities and products of a good 
FEP. Some of these activities include options analysis, scope definition and boundaries, 
life-cycle cost analysis, cost and schedule estimates.  The decisions made during the early 
stages of a project’s lifecycle have a much greater influence on a project’s outcome than 
those made in later stages (Hamilton Gibson and 1996), as illustrated in Figure 3. 
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Figure 3. Influence and Expenditures Curve for the Project Life Cycle 
FEP begins after the project concept is considered desirable by the business 
leadership of an organization and continues until the beginning of detailed design and 
construction of a project (Dumont et al. 1997). FEP has many other associated terms, 
including pre-project planning, front end loading (FEL), programming, and schematic 
design among others (CII 2013b). The sub-process steps are the same no matter the process 
name. Diving a little deeper, the typical FEP process has three main phases (CII 2014) as 
shown in Figure 4.  Note that the three phases of FEP allow the planning team to 
progressively define the scope of the project in more and more detail in order to form a 
good basis of detailed design.  The phase gates are simply points in the process where the 
efficacy of the previous phase is assessed such that the project can move forward if ready. 
FEED activities are usually completed during detailed scope (Phase 3), but before detailed 
design is initiated.  
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Figure 4. Typical Front End Planning Process 
2.3.2 Front End Engineering Design (FEED)  
A number of FEP literature sources mention FEED; however, a general theme 
noticed in the literature is that there has been little work  meant to develop a standard, 
widely-accepted definition of FEED and define its processes, which makes FEED difficult 
to benchmark and improve. Additionally, FEED is rarely mentioned as a stand-alone term 
and frequently linked to the different processes associated with FEP. For example, Merrow 
(2011) characterized FEED in the oil and chemical industries, specifically in the third phase 
of FEP, which consists of business case development, scope development, project 
definition and planning, and the work processes needed to prepare a project for execution. 
A report from CII (2013a) referred to FEED as “basic design.” O’Connor et al. (2013) 
defined FEED as a phase that involves the optimization of the design basis for the concept, 
execution plan, and completion of any work needed to initiate detailed engineering design. 
By the end of this phase, the project has received funding, the project team has been 
formed, a preliminary construction plan has been put into place, and the long-lead 
equipment has been identified.  Schaschke (2014) defined FEED as a conceptual study 
used for the development and analysis of process engineering projects. FEED defines the 
processing of objectives and examines the various technical options associated with the 
design components of process engineering. Additionally, effective FEED design efforts 
can reduce commissioning and start-up challenges (O’Connor et al. 2016). Some 
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organizations have proprietary FEED definitions (e.g., Chiyoda Corporation 2018; EPC 
Engineer 2018; Fluor 2018; Rockwell Automation 2018; Technip 2018). 
Overall, the key takeaway point from the existing FEED literature is that many 
different FEED definitions exist, and the terminology is used inconsistently. No standard 
definition has been developed and vetted through an industry-wide research investigation.  
Thus, a standardized FEED definition for large industrial projects is warranted. A 
consistent FEED definition developed and tested in this study is presented later in the 
paper.  
2.3.3 FEED Maturity Literature and the Project Definition Rating Index (PDRI) 
The maturity of FEED is not explicitly mentioned in the literature. Most industry 
members of the research team overseeing this study indicated that their organizations 
actively use the PDRI to evaluate the maturity of engineering design. Therefore, previous 
research on the PDRI for industrial projects served as the baseline for determining which 
engineering design components most appropriately represent the maturity of the design 
during FEED activities. The PDRI tool provides a structured checklist of element 
descriptions and an accompanying score sheet that supports alignment among project 
stakeholders by providing an assessment of a project’s level of scope definition (ElZomor 
et al. 2018).  
The PDRI was originally developed when a CII research team was formed to 
produce effective, simple, easy-to-use pre-project planning tools so that owner and 
contractor companies can better achieve business, operational, and project objectives 
(Dumont et al. 1997). The researchers were tasked with developing the PDRI for industrial 
projects to measure project scope development of industrial construction projects. The 
outcome of this work recognized 70 elements related to industrial project planning and 
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divided these elements into three separate sections: (I) Basis of Project Decision, (II) Basis 
of Design, and (III) Execution Approach. In a study conducted in support of developing 
the PDRI for industrial projects, 40 completed projects totaling over $3.3 billion in 
expenditure were investigated (Dumont et al. 1997). The study concluded that projects with 
better PDRI scores statistically outperformed projects with bad PDRI scores in terms of 
cost, schedule, and change order performance. 
The author of this paper used the PDRI as an initial baseline for how FEED maturity 
is being evaluated in the industry and gathered specific deliverables associated with the 
engineering elements from the PDRI to help in the survey development process. While 
previous project scope definition tools such as the PDRI tool for industrial, building, and 
infrastructure projects (Dumont et al. 1997; Cho and Gibson 2000; Bingham and Gibson 
2016) focused on the overall FEP process, no frameworks focus specifically on defining 
FEED and characterizing its maturity and accuracy. 
2.3.4 FEED Accuracy Literature 
The accuracy of FEED is not studied in the literature. From an engineering 
standpoint, most general-purpose dictionaries do not provide adequate definitions of 
accuracy for engineering application (Chancey et al. 2017). Therefore, the author started 
by studying the accuracy of other project requirements, such as cost and schedule estimates, 
as there are established criteria for evaluating accuracy for these types of estimates in 
construction projects, as documented by the Association for the Advancement of Cost 
Engineering International (AACE) and other organizations (Bates et al. 2013; AACE 
2016). Literature and past research efforts regarding factors that impact accuracy were 
evaluated, including those related to the project team (leadership and execution teams) and 
project resources. Therefore, accuracy factors from previous studies were investigated to 
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identify the FEED accuracy factors. These studies include: alignment during pre-project 
planning (Griffith and Gibson 2001), improving early estimates (Oberlender and Trost 
2001), front end planning: break the rules, pay the price (CII 2006a), the front end planning 
for renovation and revamp projects STAR tool (Whittington and Gibson 2009), and the 
FEP toolkit (CII 2014). The comprehensive FEED accuracy literature and factors 
development effort are discussed in detail in Yussef et al. (2019b). The author utilized the 
accuracy literature findings from Yussef et al. (2019b) to form an initial baseline of how 
accuracy is being evaluated in different areas to help in the survey development process. 
The identified accuracy factors were used as a foundation for the FEED accuracy survey 
questions as will be discussed in the results section. Overall, the literature review helped 
the author identify several gaps in FEED knowledge, and start establishing a definition for 
FEED. 
2.3.5 Literature Review Findings and Gaps 
The literature review helped the author identify several gaps in FEED knowledge, 
start developing definitions for FEED, FEED maturity, and FEED accuracy, and identify 
potential factors that affect the maturity and accuracy of FEED. FEED is rarely mentioned 
as a stand-alone term and frequently linked to the different processes associated with FEP. 
In addition, a global definition for FEED has yet to be agreed upon, and its definition is 
unclear and used inconsistently in the industry.  
A research team of 24 industry experts formed for this project indicated that their 
large organizations actively use the PDRI to evaluate the maturity of engineering design.  
Thus, the research team decided to utilize PDRI for industrial projects to identify the key 
FEED engineering deliverables. This decision was further justified through the industry 
survey as will be discussed in the results section of this paper. Similarly, no literature 
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focusing on FEED accuracy for large industrial projects was found. Thus, accuracy factors 
from a wide array of literature were studied to identify  the FEED accuracy factors as 
discussed in Yussef et al. (2019b).  
The literature review highlighted that the FEP research focus by CII over the past 
20 years has consistently provided construction project stakeholders with tools to improve 
project performance (Gibson and Dumont 1995; Cho and Gibson 2000; Bingham and 
Gibson 2016; Collins et al. 2017). This has been accomplished through the development 
of PDRI tools for industrial, building, and infrastructure projects, as well as complementary 
tools for renovation and revamp (R&R) projects, shutdown/turnaround/outage projects, 
project team alignment, integrated project risk assessment, information flow into front end 
planning, and construction input during front end planning. The literature review findings 
formed the basis for developing the industry survey.   
2.4 Problem Statement and Research Objectives 
 
The author identified a critical industry need of better characterizing the maturity 
and accuracy of FEED deliverables as part of FEP activities. This study highlighted the 
lack of clarity around the FEED definition and deliverables and both owner and contractors 
are in agreement that more consistency was needed around the FEED criteria. FEED is 
rarely mentioned as a stand-alone term and is influenced by many project related factors, 
such as timing of the engineering design effort, construction cost and schedule estimate 
and alignment of key project stakeholders during detailed scope. Based on the outcome of 
the literature review, several gaps in knowledge were identified. These gaps included the 
following: there exists limited literature on the topic of FEED.  Many different FEED 
definitions exist, and the terminology is used inconsistently. Additionally, there is an 
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industry-wide confusion around the quality and completeness of the desired engineering 
deliverables at the end of FEP (El Asmar et al. 2018). Thus, a standardized FEED definition 
for large industrial projects is warranted. The standardized FEED definition will help all 
project stakeholders establish the same understanding and expectations of FEED, which 
will result in better FEP planning.  Moreover, the author noted that maturity of engineering 
design is not explicitly studied and had to rely on existing literature related to the PDRI for 
industrial projects in order to understand how FEED maturity is currently evaluated. This 
study addresses the lack of clarity and consistency around FEED definitions and gauges 
FEED’s state of practice. Both owner and contractors can benefit from added clarity and 
consistency around FEED so that their large industrial projects are able to meet the cost 
and schedule commitments.  
Therefore, the objectives of this research investigation are to (1) develop a tested 
FEED definition for the large industrial projects sector, and (2) gauge the industry’s state 
of practice in assessing FEED maturity and accuracy.  
2.5 Research Method 
 
The overarching research method used in this study is shown in Figure 5. The steps 
included: (1) conducting a literature review, (2) holding focus group meetings with 24 
expert industry members that helped frame the research; (3) developing definitions, and 
(4) administering an industry survey to gauge the industrial construction sector’s state of 
practice around FEED.  
 
Figure 5. Research Method 
1. Literature 
Review
2. Focus 
Groups
3. FEED Definition 
Development
4. Industry 
Survey
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2.5.1 Literature Review 
A comprehensive literature review was conducted to analyze the FEED state of 
knowledge and provide a solid basis for the survey development process. The literature 
review started with identifying FEED definitions and typical engineering design issues 
associated with the design maturity and accuracy for large industrial projects. The literature 
review was conducted by searching library databases including the American Society of 
Civil Engineers (ASCE) Library, AACE Library, CII Library, Google Scholar, and 
ProQuest. Several searches included the following keywords: FEP, FEED, engineering 
design, maturity, accuracy, FEED assessment, and large industrial projects.  
2.5.2 Focus Groups and FEED Definition Development  
The findings from the literature review were presented to the research team made 
up of 24 industry members representing ten owners and 11 contractors, in addition to four 
academics. The research team had an average industry experience of more than 25 years 
and represented several industry sectors, such as petrochemical, power, water and 
wastewater, and metals manufacturing.  The industry members held a wide array of 
positions including president, senior director, director of engineering, senior manager, 
project manager, project engineering manager, consultant engineer, and others. After 
analyzing the literature, the author then presented the findings to the research team which 
was divided into specific focus groups based on team members’ background and 
experience. Next, the author and the research team finalized the definitions of FEED and 
its maturity and accuracy. The author facilitated focus groups which included 
brainstorming sessions during team meetings, web-based conference calls, as well as 
individual reviews to develop the definitions and the industry survey.    
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2.5.3 Industry Survey 
The survey was developed by the author with contribution from the industry 
members who provided feedback and industry input throughout the development process. 
After the survey development was completed and it was thoroughly reviewed, an online 
version was created and pilot tested with the research team industry organizations. Further 
refinement of the survey took place as a result of the pilot study. To begin the data 
collection stage, the survey was electronically distributed  targeting owners and contractors 
experienced in FEED for large industrial projects. The multi-part, fifteen-question survey 
was conducted to better understand how organizations define FEED and how its maturity 
and accuracy are assessed on current projects at the end of detailed scope (Phase Gate 3). 
As a result of the survey, the author tested, improved, and finalized the developed FEED 
definition, and gained a better understanding of its state of practice in the industry as will 
be discussed in the results section.  
The survey consisted of 15 questions to gauge the industrial construction sector 
FEED’s state of practice.  The first question collected respondent contact information 
which included the participant’s name, organization, phone number and email. The next 
several questions of the survey were centered on the terminology associated with FEED 
and its use within the industrial project sector. For instance, the second question asked, 
“Does your organization have a standardized definition of Front End Engineering Design 
(FEED)?” The third question asked the respondents to provide their organization’s 
definition of FEED. The fourth question presented the author’s working definition of FEED 
and asked if respondents agreed with this definition. The respondents who did not agree 
with this definition of FEED were directed to another question, which asked to provide 
what they thought was missing from this definition and how to improve it. In the next 
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questions, respondents were asked if their organization uses other terms in place of FEED, 
and if so, they were asked to provide these terms. 
The next five questions of the survey focused on engineering maturity and how it 
is evaluated at the end of a typical FEED process. One question asked, “In your opinion, 
at the completion of FEED for a typical grassroots process facility of known technology, 
approximately what percentage of all Engineering Design (including process and non-
process design) should have been performed (in terms of total engineering work-hours)?” 
This question aimed to document a percentage of design associated with FEED typically 
used in the industry. Another question asked respondents to rank order the top five 
deliverables and documents that are critically important to develop during the FEED 
process. Yet another question asked, “In your experience, how is the maturity of the FEED 
documents evaluated at Phase Gate 3?” The next question asked, “Does your organization 
have a process/method/tool to objectively measure the maturity of FEED engineering 
deliverables?” Respondents who answered yes were directed to a final question in this 
section, which asked respondents to briefly describe this process, method, or tool that 
measures FEED maturity.  
The thirteenth question focused solely on the accuracy of FEED during FEP based 
on all the factors found in the accuracy literature review conducted by Yussef et al. (2019b). 
The question asked, “The following contextual factors can influence the accuracy of FEED 
during front end planning. Based on your experience, please rank the top five factors (out 
of the 17 provided) in order of importance (with #1 being the most important).” 
Two open-ended questions were asked at the end of the survey. The first was 
“Please provide key strategies that your organization uses to identify and mitigate FEED 
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deficiencies during front end planning,” and another question asked respondents to share 
any other thoughts about FEED evaluation. 
2.6 Developing a Consistent FEED Definition 
 
The literature review helped the author and research team develop definitions for 
the terms “FEED,” “FEED maturity,” and “FEED accuracy.” The definitions, FEED 
maturity elements, and FEED accuracy factors were refined through research focus groups 
that included 24 industry practitioners and four researchers. Based on this collective 
knowledge, the author and research team developed the following standardized definitions. 
FEED is defined as “a component of the FEP process performed during detailed 
scope (Phase 3), consisting of the engineering documents, outputs, and deliverables for the 
chosen scope of work. In addition to FEED, the project definition package (also known as 
the FEED package) typically includes non-engineering deliverables such as a cost estimate, 
a schedule, a procurement strategy, a project execution plan, and a risk management plan.” 
Figure 6 illustrates the FEED definition and its relationship to the various other deliverables 
that are associated with the project definition package. The list of deliverables in Figure 6 
is not meant to be an exhaustive list.  Note that FEED both informs and is informed by the 
other deliverables.   
  30 
 
 
Figure 6. The Project Definition Package 
Consequently, FEED maturity is defined as “the degree of completeness of the 
deliverables to serve as the basis for detailed design at the end of detailed scope (Phase 
Gate 3).” Additionally, FEED accuracy is defined as “the degree of confidence in the 
measured level of maturity of FEED deliverables to serve as a basis of decision at the end 
of detailed scope (Phase Gate 3).” In essence, the environment and systems in which 
project teams work toward developing FEED impact their ability to produce engineering 
deliverables that can meet the owner’s requirements. Phase Gate 3 refers to the decision 
point at the end of FEP in which the project moves into detailed design. The next section 
discusses the survey that the users used to test the developed FEED definition and assess 
its state of practice.  
2.7 Industry Survey Respondent Characteristics  
 
The survey development process and results are discussed in the following sections. 
The survey collected detailed information about FEED and its maturity and accuracy, and 
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various FEP engineering aspects that are associated with the typical FEED process. The 
survey was developed and administered using the QualtricsTM survey software and 
distributed electronically. The author sent an email to each of the industry contacts with a 
brief description of the research and a request to complete the survey through a provided 
QualtricsTM website link.  
 The author sent the survey to CII’s “Data Liaisons” reaching 211 individuals 
representing 130 organizations. Each industry member of the research team was also asked 
to pass along the survey to any other expert practitioner or colleague interested in providing 
insight regarding FEED.  The survey was aimed at industry practitioners with minimum 
FEED experience of ten years on large industrial projects. Additionally, the survey was 
open for a three-month period. In total, 80 survey responses were received from individuals 
representing 33 organizations (19 owners and 14 contractors). Figure 7 provides a 
breakdown of the organization types of survey respondents. As shown, the respondents 
were almost equally split with representation from owner and contractor organizations. The 
organizations that participated in the survey are shown in Table 4.   
 
Figure 7. Survey Respondent Organizational Affiliations (N=80) 
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Table 4. Survey Respondent Organizations 
Owners (19) Contractors (14) 
AstraZeneca Gatwick Airport Ltd. Petronas CH2M Pathfinder, LLC  
Chevron General Motors SABIC Day & Zimmermann PTAG Inc. 
ConocoPhillips Georgia Pacific SCHREIBER Fluor Corporation Quality Execution, Inc. 
Eastman 
Chemical 
Company 
Huntsman Statoil ASA 
Hargrove 
Engineers + 
Constructors 
SBM Offshore 
Eli Lilly and 
Company 
Koch Ag & 
Energy Solutions, 
LLC 
Tennessee Valley 
Authority 
IHI E&C 
International 
Corporation 
Supreme Steel 
Eskom Holdings 
SOC Ltd. NASA  
Lauren Engineers 
& Constructors Yates Construction 
Flint Hills 
Resources  
Occidental 
Petroleum  Parsons Zachry Group 
2.8 FEED Terminology Results 
This section presents the FEED terminology results. The first objective of the 
survey was to explore whether organizations have standard definitions of FEED. Forty-
eight out of 80 total respondents (60 percent) stated their organization has a standardized 
definition of FEED. The remaining 32 respondents (40 percent) indicated that their 
organizations did not have a standardized definition of FEED. Respondents whose 
organizations had a standardized FEED definition were directed to provide their 
organization’s definition of FEED. The 48 respondents who answered this question all 
provided uniquely worded definitions of FEED used by their respective organizations, 
including members of the same organization. The key learning from this series of questions 
is that 40 percent of respondents’ organizations do not have a standardized definition of 
FEED, and those that do all had differing and unique definitions. The differing definitions 
could potentially be misinterpreted among stakeholders on a project lending to different 
expectations of FEED and its associated deliverables, especially between a project’s owner 
and contractor. Therefore, a standard definition of FEED could reduce the 
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miscommunication and misinterpretation of FEED experienced across the industry. For the 
same reasons, it is especially critical to have a clear and agreed-upon FEED definition in 
this research study. A standardized definition will help align stakeholders, both in industry 
and academia, and ensure everyone is speaking the same language.  
 One of the questions asked whether respondents agreed with the provided definition 
of FEED: 59 out of 73 (81 percent) of respondents agreed with the proposed definition. 
The respondents who did not agree with the provided definition were directed to another 
question and asked to provide feedback on what they thought was missing from the 
provided definition. The feedback received on this question was investigated and 
implemented by the author to improve the provided definition to better align with the 
expectations of the industry at large.  
 Additionally, 40 of the 73 respondents (55 percent) indicated that their 
organizations use other terms instead of FEED. These respondents were asked to provide 
the other terms. The most common terms that organizations use instead of FEED included: 
basic engineering design, basic design, preliminary engineering, project definition, concept 
design, and feasibility study. Some organizations that implement FEED have different 
terms that are used in place of FEED; these terms may hold a different meaning to other 
organizations. Moreover, some of this diverse terminology is sometimes misused, mixing 
up FEED with other project processes. The learning from this portion of the survey 
solidified the author’s motivation to develop a widely-accepted FEED definition. The input 
from these responses was used to finalize the definition of FEED provided earlier in this 
paper. 
 
  34 
 
 2.9 FEED Maturity Results 
This section presents the survey results focusing on FEED Maturity. In response to 
a question gauging the percentage of all engineering design effort expended at the 
completion of FEED, the average value was 31.4 percent. Figure 8 provides a summary of 
the responses to this question, with a maximum value of 80 percent and a minimum of five 
percent. The most frequent answer was in the range “26 to 30” percent which was chosen 
25 times. The main takeaway point here is that the consensus average of engineering design 
completed at the end of FEED is about 30 percent. This finding aligns with, and confirms, 
the 27.9 percent average value previously published based on a large sample of projects 
(CII 2006b). 
 
Figure 8. Percentage of Engineering Design Completed at the End of FEED (n=73) 
Subsequently, the respondents were asked to rank the top five engineering 
deliverables or documents that are critical to FEED. The question asked, “We realize that 
engineering deliverables/documents are important during the FEED 
process.  The following three deliverables are usually defined by this time; products 
produced by the facility, capacity of the facility in terms of products, and technology 
employed in the production process. In addition to the above, which deliverables in the list 
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below do you feel are most critical for front-end engineering design?” Fifteen possible 
FEED deliverables were presented to the survey participants based on published and tested 
information obtained from the PDRI for industrial projects. The responses to this question 
are shown in Figure 9. The top five deliverables that were chosen included piping and 
instrumentation diagrams (P&IDs), project design criteria, plot plans, site location, and 
process flow sheets. All of these deliverables are defined in detail in the PDRI for industrial 
projects, with those definitions available to the respondents.  The order of responses was 
generally in line with the weights of these elements as provided in the PDRI for industrial 
projects (Dumont et al. 1997). 
 
Figure 9. Engineering Deliverables/Documents Critical to the FEED Process (n=71) 
In line with the objectives of this research, the survey included a question to gauge 
the methods used by organizations to evaluate the maturity of FEED at the end of detailed 
scope (Phase Gate 3). This question stated, “Maturity of the engineering deliverables is 
reached when the team is ready to move into detailed design.” In your experience, how is 
the maturity of the FEED documents evaluated at Phase Gate 3?” Eleven possible 
evaluation methods were provided, and the respondents were asked to check all those that 
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apply. Responses to this question can be seen in Figure 10. Note that PDRI is the only 
response that provided a specific readily-available tool.  
 
Figure 10. How the Maturity of FEED Documents is Evaluated at Phase Gate 3 
(n=71) 
The respondents indicated that gate reviews, owner evaluations, and using the PDRI 
to evaluate FEED maturity of documents or deliverables are the top three methods used. 
Looking deeper at this result, gate reviews and owner evaluations vary from organization 
to organization and from project to project. However, the PDRI has the same structure and 
elements regardless of where it is used. This question validated the author and research 
team’s selection of the PDRI as a starting point in developing the FEED maturity portion 
of the survey. 
The next question asked, “Do you have a process/method/tool to objectively 
measure the maturity of FEED engineering deliverables? (For example, do you have a 
document that provides criteria for giving a 1, 2, 3, 4, or 5 scores to deliverables in the 
PDRI?)” Respondents were asked to choose “yes” or “no,” and if they chose “yes,” they 
were directed to another question and asked to describe this process, method, or tool. 
Almost 53 percent (38 of 71) of respondents to this next question indicated that they do not 
have a process, method, or tool to objectively measure the maturity of FEED. For the 38 
respondents that answered the follow-up question, Figure 11 shows the total number of 
responses received for each process, method, or tool. The most frequent process, method, 
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or tool was the PDRI appearing in 20 of the 38 responses (53 percent). The second highest 
was third-party reviews which appeared in six of the 38 responses. The main takeaway 
point from this series of questions is that a majority of respondents are primarily using the 
PDRI to conduct their FEED maturity evaluations, making a case for it to be used as a basis 
for the FEED maturity portion in this study. In summary, the PDRI was originally meant 
to evaluate the entire scope development effort of a project and not only the maturity of the 
engineering design effort. However, a significant portion of the PDRI is focused on 
engineering design, which could be leveraged for FEED maturity assessment.   
 
Figure 11. Processes/Methods/Tools Used by Organizations to Measure the Maturity 
of FEED Engineering Deliverables (n=38) 
2.10 FEED Accuracy Results 
The survey included a question regarding the contextual factors that can influence 
the accuracy of FEED during FEP. Respondents were asked to rank their top five factors 
in order of importance; the results are presented in Figure 12. The top five contextual 
accuracy factors included the following: time allowed to perform the FEED work, team or 
stakeholder alignment, technical capability of the team, quality of leadership, and design 
coordination between disciplines and team leads. The literature review on accuracy 
coupled with the responses to this question helped the author to start forming and ranking 
a list of key FEED accuracy factors (Yussef et al. 2019b). 
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Figure 12. Contextual Factors that Can Influence the Accuracy of FEED During 
Front End Planning (n=70) 
 At the end of the survey, respondents were asked to provide key strategies that their 
organizations use to identify and mitigate FEED deficiencies during FEP. Figure 13 shows 
the frequency of the strategies mentioned. The top three strategies included the following: 
risk management review, using the PDRI, and peer review. 
 
Figure 13. Strategies to Identify FEED Deficiencies (n=69) 
2.11 Discussion of Results 
This study identified that FEED has many different definitions and a pattern of 
using the terminology inconsistently across many organizations. Through the industry 
survey, the author was able to assess the FEED state of practice and identify the tools 
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currently used to assess FEED maturity and accuracy. The study resulted in filling several 
gaps in knowledge that were discovered through the literature review. 
 The literature review and the industry survey showed that FEED has several 
inconsistent definitions and some organizations have different terms that are used in place 
of FEED. Inconsistent definitions and diverse terms used instead of FEED point to the lack 
of clarity and consistency around FEED in the industry. Therefore, the author utilized the 
literature review to develop a consistent FEED definition which was later tested in the 
survey. The vast majority of the survey respondents (81 percent) agreed with the FEED 
definition presented in this paper. The respondents who did not agree with the provided 
definition were asked to give feedback on what they thought was missing from this 
definition. The feedback received on this question was aggregated and used to improve the 
working definition to better align with the expectations of the industry at large.  
Additionally, the survey reaffirmed 30 percent of engineering design complete as a 
threshold for FEED.  Overall, this study added consistency and clarity around FEED for 
large industrial projects so that owners and contractors can speak the same language and 
better communicate FEED and project expectations. Moreover, the consistent FEED 
characteristics presented in this research effort can also improve alignment during detailed 
scope and FEP in general, and based on Griffith and Gibson (2001), alignment during FEP 
is critical to project success.  
The survey also gauged the methods used by organizations to evaluate the maturity 
of FEED at the end of detailed scope (Phase Gate 3).  The responses showed that gate 
reviews, client or owner evaluations, and using a PDRI are the top three methods used to 
evaluate the maturity of FEED deliverables for the respondents to this survey. Although 
gate reviews and owner evaluations vary from organization to organization and from 
  40 
 
project to project, the PDRI has the same structure and elements regardless of where it is 
used. This survey result validated the author and research team’s selection of the PDRI to 
form an initial baseline of how FEED maturity was being evaluated in the industry. While 
the PDRI tools focus on the overall FEP process (which includes both engineering and non-
engineering elements), the literature review and survey results also show that there is no 
framework specifically designed to measure the maturity of FEED.         
Finally, the study unveiled the lack of frameworks to assess FEED accuracy. 
Previous FEP tools such as the PDRI focused on evaluating the overall FEP process. 
However, they have not looked at the environment and systems in which project teams 
work toward developing FEED which can impact their ability to produce engineering 
deliverables that can meet the owner’s requirements. The survey results indicated that the 
top five contextual FEED accuracy factors are: time allowed to perform the FEED work, 
team and stakeholder alignment, technical capability of the team, quality of leadership, and 
design coordination between disciplines and team leads. The results highlight the need for 
a framework that focuses on the environment in which FEED is being developed.  The 
accuracy of FEED  can improve the owner’s ability to make informed and reliable 
decisions including cost and schedule predictions (Yussef et al. 2019b).  
2.12 Conclusions 
 
This research explores FEED’s industry state of practice in assessing FEED 
maturity and accuracy. The author received extensive input from 80 total survey 
respondents concerning FEED definitions and deliverables, methods used to assess the 
maturity of FEED, strategies used to identify FEED deficiencies, and contextual factors 
that can affect the accuracy of FEED. The contributions of this study include (1) developing 
a tested FEED definition for the large industrial projects sector, (2) determining the 
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industry’s state of practice for measuring FEED deliverables, and (3) reaffirming 30 
percent of engineering design complete as a threshold for FEED, while also identifying a 
need for the development of a comprehensive assessment framework to effectively 
measure FEED maturity and accuracy. 
This study presents the first tested and agreed-upon FEED definition in the large 
industrial sector. The majority of the survey respondents (81 percent) agreed with the 
FEED definition presented in this paper. The respondents who did not agree with the 
provided definition were asked to give feedback on what they thought was missing from 
this definition. The feedback received on this question was aggregated and used to improve 
the working definition to better align with the expectations of the industry at large. Thus, 
this study added consistency and clarity around FEED for large industrial projects so that 
owners and contractors can speak the same language and better communicate FEED and 
project expectations. 
Several engineering deliverables that are critical to large industrial project FEED 
maturity were identified and ranked in the survey. The results show that the top five FEED 
deliverables include piping and instrumentation diagrams, project design criteria, plot 
plans, site location, and process flow sheets. Additionally, the survey summarized the 
contextual factors that can influence the accuracy of FEED during FEP. The top five 
contextual accuracy factors included the following: time allowed to perform the FEED 
work, team and stakeholder alignment, technical capability of the team, quality of 
leadership, and design coordination between disciplines and team leads. The survey results 
also show that the development of a project evaluation tool to objectively measure FEED 
maturity and accuracy is warranted.  
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The author made every effort to collect data from a diverse group of individuals 
and organizations. Although the sample size consists of 80 respondents, the data may not 
be representative of the whole industry. An area of future work would be to develop a tool 
specifically for measuring the maturity and accuracy of FEED. Moreover, the research 
described in this paper was focused on the industrial construction sector, and future work 
could investigate other industry sectors such as infrastructure and buildings.  
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3. QUANTIFYING FEED MATURITY AND ITS IMPACT ON PROJECT 
PERFORMANCE  
3.1 Abstract 
Assessing the maturity of front end engineering design (FEED) for large industrial 
projects is a critical task with significant influence on overall project success. The project 
owner's expectation is to be able to make informed decisions including cost and schedule 
predictions to determine whether the project should proceed to the next phase. Project 
stakeholders also expect to make informed decisions to allocate the level of contingency 
needed for the project, and to predict the success of follow-up phases. The primary 
objective of this paper focuses on quantifying FEED maturity and its impact on project 
performance in terms of cost change, schedule change and other key metrics. The author 
collected data from 33 completed large industrial projects representing over $8.83 billion 
of total installed cost. The research followed the scientific research methodology that 
included a literature review, focus groups, an industry survey, data collection workshops, 
and statistical analysis of project performance.  The contributions of this work include (1) 
developing an objective and scalable method to measure FEED maturity and (2) 
quantifying that projects with high FEED maturity outperformed projects with low 
maturity by 20 percent in terms of cost growth in relation to the approved budget. 
3.2 Introduction 
 
 Front end planning (FEP) is defined as the process of developing sufficient strategic 
information with which owners can address risk and decide to commit resources to 
maximize the chance for a successful project (Gibson et al. 1993). According to a report 
from the Construction Industry Institute, FEP is the single most important process in a large 
industrial project’s lifecycle (CII 2006). Planning has been proven to impact project 
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performance through several studies (e.g., Dumont et al. 1997; Cho and Gibson 2000; 
González et al. 2010; Kim et al. 2013; Kim et al. 2014; Wu and Issa 2014; Collins 2015; 
Bingham and Gibson 2016; Hastak and Koo 2016; Javanmardi et al. 2017; ElZomor et al. 
2018). Hanna and Skiffington (2010) concluded that projects that were well planned 
perform better than poorly planned projects in the areas of profit, general contractor 
satisfaction, budgeted cost, budgeted work hours, quality, relationship with the owner, 
relationship with the general contractor, and team member communication.  
There are several industry needs that this study addresses. While addressing FEP, 
past research efforts have not specifically focused on assessing the maturity of the 
engineering design component of front end engineering design (FEED) activities. Current 
FEP evaluations could also use more guidance to improve consistency in the industry. The 
project owner's expectation is to be able to make informed and reliable decisions including 
cost and schedule predictions. Both the owner and the engineer have to be aligned as the 
project design process moves forward (CII 2005). These decisions also include the 
contingency level needed for the project and the predicted impact on the success of 
subsequent phases which include detailed design and construction, project execution, and 
start-up. Moreover, it is well documented that schedule compression during FEP may lead 
to challenges with design maturity (CII 2006). Due to these identified needs, this study 
investigates the maturity of FEED to support phase-gate approvals during FEP. A research 
team consisted of 24 industry members (also referred to as domain experts according to 
Lucko and Rojas 2010) with industrial construction experience, and four academic 
members, was formed to explore the maturity of FEED and its impact on project 
performance, and the findings are presented in this paper.  
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The author and research team identified 46 FEED maturity elements and 
supplemented each element with detailed descriptions for the maturity levels. A major 
contribution of this study is quantifying that projects with high FEED maturity 
outperformed projects with low FEED maturity by 20 percent in terms of cost growth in 
relation to the approved budget. The author and research team created and tested an 
assessment tool tailored specifically to measure the level of FEED maturity. The 
assessment results in better management of the engineering deliverables associated with 
FEED which can improve owners’ decisions at the authorization level. In addition, the 
assessment can improve alignment between project participants and serve as a 
communication tool to help manage the process. 
This paper explores FEED maturity for large industrial projects, which are typically 
led by seasoned teams of personnel and executed by numerous project teams or 
subcontractors with different task packages (Abbasian-Hosseini et al. 2017; Collins et al. 
2017). The scope of this FEED research focused on large industrial projects, which, based 
on the findings of Collins et al. 2017, are projects with the following characteristics:  
• Projects completed within industrial facilities such as (or similar to) oil/gas 
production facilities, refineries, chemical plants, pharmaceutical plants, etc.; 
• With a total installed cost greater than USD 10 million; 
• A construction duration greater than nine months; and 
• More than ten core team members (e.g., project managers, project engineers, owner 
representatives) 
This research effort develops a new method to measure FEED maturity and its 
impact on performance within the industrial project sector and followed a scientific 
methodology. First, a systematic review of various engineering and construction literature 
was completed to recognize previous efforts that focused on the maturity of engineering 
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design, in addition to studies that looked explicitly at FEED. Second, based on the 
outcomes of the literature review, gaps in FEED knowledge were identified, and research 
objectives were developed. This was followed by an industry survey and four expert 
workshops to validate the accumulated knowledge and test the FEED maturity assessment. 
The tested definitions for FEED and its maturity are presented next.  
3.2.1 Definitions 
The definitions and FEED maturity elements were refined through research focus 
groups that included 24 industry experts and four academics, as well as with input from an 
industry survey. Based on this collective knowledge, the research team developed 
standardized definitions of FEED and FEED maturity as follows: FEED is defined as “a 
component of the FEP process performed during detailed scope (Phase 3), consisting of 
the engineering documents, outputs, and deliverables for the chosen scope of work. In 
addition to FEED, the project definition package (also known as the FEED package) 
typically includes non-engineering deliverables such as a cost estimate, a schedule, a 
procurement strategy, a project execution plan, and a risk management plan” (Yussef et al. 
2017).  Figure 14 illustrates the FEED definition and its relationship to the various other 
deliverables that are associated with the project definition package (Yussef et al. 2018). 
The list of deliverables in Figure 14 is not meant to be an exhaustive list. 
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Figure 14. The Project Definition Package 
Consequently, FEED maturity is defined as “the degree of completeness of the 
deliverables to serve as the basis for detailed design at the end of detailed scope (Phase 
Gate 3)” (Yussef et al. 2018). The following section presents the literature regarding FEP 
and FEED within the context of engineering design. 
3.3 Background and Literature Review 
The first step of this research consisted of a thorough review of the engineering and 
construction literature to summarize the state of knowledge and develop standardized 
definitions of FEED and its maturity. The literature review is structured into several 
subsections. First, the literature regarding FEP and FEED are discussed within the context 
of engineering design and other past research on the subject. Second, the maturity of FEED 
is discussed using the Project Definition Rating Index (PDRI) for Industrial Projects (CII 
2014b). 
3.3.1 Front End Planning (FEP) 
Decisions made during the early stages of a project’s lifecycle have a much greater 
influence on a project’s outcome than those made in later stages (CII 1994). Gibson et al. 
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(1994) outlined 14 specific activities and products of effective FEP. Some of these 
activities are options analysis, scope definition and boundaries, life-cycle cost analysis, 
cost and schedule estimates. In addition, a quantitative study comparing pre-project 
planning effort versus project success factors was conducted (Hamilton and Gibson 1996). 
The study concluded that well performed pre-project planning could reduce the total 
project design and construction costs by as much as 20 percent, reduce the total project 
design and construction schedule by as much as 39 percent, improve project predictability 
in terms of cost, schedule, and operating performance, and increase the chance of a project 
meeting stated environmental and social goals.         
FEP begins after the project concept is considered desirable by the business 
leadership of an organization and continues until the beginning of detailed design of a 
project (Dumont et al. 1997). CII investigated the importance and value of the FEP process, 
resources required to perform the front end planning process effectively, and to outline key 
“rules” to the front end planning process (CII 2006; Gibson et al. 2006). The researchers 
found that four percent of total installed cost was spent on FEP for all projects. This 
percentage was slightly higher for small projects. In addition, the research found that 
projects with 20 percent of design completed at the end of FEP performed better than 
projects with a lesser amount of design completed at the end of FEP.  
George et al. (2008) concluded that several activates involved in FEP had 
statistically significant impacts in achieving project success. These activities are involved 
in planning the following areas: public relations, start-up, quality and safety, the project 
execution plan, and project scope definition. Additionally, the FEP process has a number 
of aliases, such as pre-project planning, front end loading, advance planning, programming, 
and schematic design, among others (CII 2013b). The sub-process steps are the same no 
  52 
 
matter the process name. Additionally, early project definition planning has a direct impact 
on safety and project performance (Xia et al. 2015; Abdelmohsen and El-Rayes 2017; Kim 
et al. 2018). FEP has also been considered by CII to be a best practice for over 20 years 
(Collins 2017). 
Figure 15 shows the typical steps involved in the FEP process based on the FEP 
Toolkit (CII 2014a). The key takeaway point from Figure 15 is that FEED activities are 
usually completed before detailed design is initiated. Note that the three phases of FEP 
allow the planning team to progressively define the scope of the project in more and more 
detail in order to form a good basis of detailed design.  The phase gates are simply points 
in the process where the efficacy of the previous phase is such that the project can move 
forward. 
 
Figure 15. Front End Planning Process 
3.3.2 Front End Engineering Design (FEED) 
As mentioned earlier, FEED is a component of FEP. Several research efforts have 
mentioned FEED; however, there has been little work done to develop a framework to 
asses FEED and define its maturity and components. Additionally, FEED is rarely 
mentioned as a stand-alone term and frequently linked to the different processes associated 
with FEP. Merrow (2011) characterized FEED in the oil and chemical industries 
specifically in the third phase of FEP, which consists of business case development, scope 
development, project definition and planning, and the work processes needed to prepare a 
Design and
Construction3DetailedScope2Concept1Feasibility0
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project for execution. A report from CII (2013a) referred to FEED as “basic design.” 
O’Connor et al. (2013) defined FEED as a phase that involves the optimization of the 
design basis for the concept, execution plan, and completion of any work needed to initiate 
detailed engineering design. By the end of this phase, the project has received funding, the 
project team has been formed, a preliminary construction plan has been put into place, and 
long-lead equipment has been identified. Schaschke (2014) defined FEED as a conceptual 
study used for the development and analysis of process engineering projects. Other 
organizations have proprietary FEED definitions (e.g., Chiyoda Corporation 2018; EPC 
Engineer 2018; Fluor 2018; Rockwell Automation 2018; Technip 2018).  
Overall, the key takeaway point from this review is that FEED has many different 
definitions depending on who is evaluating the project and what FEP phase they are 
evaluating. Given the existing many different definitions for FEED, the author developed 
and tested an accepted FEED definition for large industrial projects as a basis for 
understanding FEED maturity in the context of this study (Yussef et al. 2017; Yussef et al. 
2018) as presented earlier in this paper. 
3.3.3 FEED Maturity and the PDRI 
No standardized FEED maturity assessment procedure was found in the literature. 
A focus group of 24 experts formed for this project, along with the findings from the 
industry survey described in Yussef et al. (2016), indicated that organizations actively use 
the PDRI for industrial projects to evaluate the maturity of engineering design. Therefore, 
previous research regarding the PDRI served as a baseline for determining which 
engineering design components most appropriately represent the maturity of design during 
FEED activities. The PDRI tools provide a structured checklist of element descriptions and 
an accompanying score sheet that supports alignment among project stakeholders by 
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providing an assessment of a project’s level of scope definition (ElZomor et al. 2018). The 
CII developed several PDRI tools to assist project teams throughout the FEP process by 
providing a structure for assessing the project’s level of definition during prior to detailed 
design. 
The PDRI for industrial projects, which was used as basis for the new FEED 
maturity assessment, was developed over two decades ago to assess key FEP activities for 
industrial projects (Gibson and Dumont 1996). It identifies 70 elements related to industrial 
project planning and divides these elements into three separate sections: (I) Basis of Project 
Decision, (II) Basis of Design, and (III) Execution Approach. In a study conducted in 
support of developing the PDRI for industrial projects, 40 completed projects totaling over 
$3.3 billion in expenditure were investigated (Dumont et al. 1997). The study concluded 
that projects with better PDRI scores statistically outperformed projects with bad PDRI 
scores regarding cost, schedule, and change order performance. 
While previous project scope definition tools such as the PDRI tool for industrial, 
building, and infrastructure projects (Dumont et al. 1997; Cho et al. 1999; Bingham and 
Gibson 2016) focused on the overall FEP process, the new FEED maturity assessment 
focuses only on the engineering deliverables for large industrial projects. The goal is to 
address the confusion around the quality and completeness of the desired engineering 
deliverables at the end of FEP.  
3.4 Problem Statement and Research Objective 
 
The author and research team have identified the PDRI as a point of departure to 
develop the FEED maturity assessment because it is already a widely used tool to measure 
the degree of project scope definition, as found in Yussef et al. (2016)’s industry survey. 
Thus, the FEED maturity assessment adopted and built upon the PDRI’s industry accepted 
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0 to 5 scoring for each element. However, to improve the objectivity and consistency of 
scoring across different individuals, projects, and organizations, the author along with the 
research team developed detailed descriptions for each definition level (from 0 to 5) for 
each of the 46 identified FEED maturity elements to better quantify and communicate the 
complex engineering deliverables associated with large industrial projects.  These 
descriptions will add clarity in rating each element and ensure consistency in the scoring 
process, while focusing strictly on engineering design, as will be discussed in the FEED 
maturity assessment section. 
Based on the gap analysis performed on the literature review, several gaps in FEED 
knowledge were identified. These gaps included the following: there exists limited 
literature on the topic of FEED. More importantly, the key elements of FEED have not 
been studied in depth although their potential impact to project success is significant 
(Bingham and Gibson 2016). Moreover, the maturity of engineering design is not measured 
nor explicitly discussed in the literature. This study aims to align project stakeholders’ 
FEED expectations by developing a FEED maturity assessment and measurement 
approach, and testing it versus project performance.  Furthermore, there is an industry-wide 
confusion around the quality and completeness of the desired engineering deliverables at 
the end of FEP (El Asmar et al. 2018). Owners have differing guidelines around their 
engineering risk tolerance and contractors drive to different levels of completeness based 
on owner guidance. And even within a project team, there often are different interpretations 
of the levels of definition for each element. This study addresses the lack of clarity and 
consistency around FEED maturity. Both owner and contractors can benefit from added 
consistency for FEED maturity so that their large industrial projects meet cost and schedule 
commitments.  
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Three research questions were explored in this study: (1) is the development of an 
objective framework to evaluate engineering design quality during FEP warranted for 
industrial projects? (2) Does FEED maturity impact project performance (i.e., cost change, 
schedule change, change orders)? (3) Is there a correlation between FEED maturity and 
contingency? Therefore, the objectives of this research investigation are to: (1) develop 
an effective and efficient framework to consistently evaluate engineering design quality 
during FEP for industrial projects; (2) quantify projects’ FEED maturity and measure its 
impact on project performance; and (3) measure the impact of FEED maturity on owner 
contingency.  
3.5 Research Method 
 
The methodology of this study consisted of six steps. The author started by 
conducting an extensive literature review to help define FEED and identify FEED maturity 
elements. Subsequent to the literature review, several focus groups were held with 24 
expert industry members to help frame the research effort. Based on input from these focus 
groups, the author developed an industry survey to gauge the industrial construction 
sector’s perceptions of FEED and maturity. The author analyzed the survey results and 
held focus groups with the research team to finalize the definitions of FEED and its 
maturity and inform the development of the FEED maturity assessment. Next, four 
industry-sponsored workshops were conducted to collect FEED maturity data and project 
performance data. The workshops helped finalize the maturity elements and their 
descriptions while also collecting quantitative data to test FEED maturity’s impact on 
project performance. The final step in the research was to statistically test the impact of 
FEED maturity on project cost change, schedule change, change performance, financial 
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performance, customer satisfaction, and contingency. The research methodology is 
illustrated in Figure 16. Each step in the research methodology is further described next.  
 
Figure 16. Research Method 
3.5.1 Literature Review and Focus Groups  
The first step shown in Figure 16 is the literature review which is considered a form 
of content analysis, defined as a study of recorded human communications (Babbie 2010). 
The literature review was conducted by searching library databases including the American 
Society of Civil Engineers (ASCE) Library, Arizona State University (ASU) Library which 
includes access to most relevant libraries including ProQuest, CII Library, and Google 
Scholar. Several searches included the following keywords: FEP, FEED, engineering 
design maturity, FEED maturity assessment framework, planning vs. project performance, 
large industrial projects, owner contingency, and project success factors. The author also 
identified studies that address typical engineering design issues associated with design 
maturity for large industrial projects. References used in the identified studies were also 
searched for additional relevant publications. The literature was conducted following 
chronological period searches from 1990 to 2018.   
The author then presented the findings to the 24 industry FEED experts who 
represented ten owners and 11 contractors. The research team had an average industry 
experience of more than 25 years and represented several industry sectors, such as 
petrochemical, power, water/wastewater, and metals manufacturing.   The industry 
members held a wide array of positions such as president, senior director, director of 
engineering, senior manager, project manager, project engineering manager, consultant 
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engineer, and others.   The research team was divided into specific focus groups based on 
team members’ background and experience, and the team determined that 46 specific 
engineering elements from the PDRI for industrial projects should be utilized to assess 
FEED maturity. These 46 elements were chosen and finalized over a number of research 
team meetings. The focus group of 24 industry and academic experts was separated into 
five focus groups, each separately focusing on various sections of the PDRI for industrial 
projects related to the engineering design work associated with a typical FEED process. 
The five focus groups reviewed manufacturing and business objectives, process specific, 
civil/structural, piping/mechanical, and instrumentation elements and developed detailed 
descriptions for each element ratings of 0-5 over the course of 15 months as will be 
discussed in the FEED maturity assessment section.    
3.5.2 Industry Survey on FEED and FEED Maturity 
The findings from the literature review and focus groups formed a solid foundation 
for the industry survey that focused on FEED. A multi-part, fifteen-question survey was 
conducted to better understand how organizations define FEED and FEED maturity, and 
how organizations assess FEED on current projects at the end of detailed scope (Phase 
Gate 3). The author sent the survey to CII’s 211 “Data Liaisons” representing 130 CII 
member organizations. The survey was aimed at industry practitioners with minimum 
FEED experience of ten years on large industrial projects. The author sent an email to each 
of the industry contacts with a brief description of the research and a request to complete 
the survey through a provided QualtricsTM website link. Each industry member of the 
research team was also asked to pass along the survey to any other expert practitioner or 
colleague interested in providing insight regarding FEED. The survey was open for a three-
month period. In total, 80 responses were received from individuals representing 33 
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organizations (19 owners and 14 contractors). As a result of the survey, the author 
solidified a definition for FEED and gained a better understanding of its state of practice 
in the industry. This understanding served as a foundation to create the initial draft version 
of the FEED maturity assessment. The developed FEED and FEED maturity definitions 
were presented earlier in this paper. The comprehensive survey process and results are 
discussed in Yussef et al. (2016).  
3.5.3 Maturity Assessment Tool Development and Data Collection Workshops 
The maturity assessment was based on the 46 engineering elements of the PDRI for 
industrial projects. The research team developed detailed descriptions of each rating of 0, 
1, 2, 3, 4, or 5 for each of the identified 46 engineering elements. In addition, the workshops 
allowed the project team to review, test, and finalize the FEED maturity assessment tool. 
Four geographically dispersed workshops were hosted at various locations across the 
United States and Canada, as shown in Table 5. Overall, 48 industry professionals 
representing 31 organizations (14 owners and 17 contractors) attended the four workshops. 
The participants of the workshops have a combined engineering/project management 
experience of 962 years with an average of 20 years of experience per participant. During 
the workshops, the FEED maturity assessment tool was tested on completed projects to 
verify its usability in a project team setting and its viability as a predictor of project 
performance. Throughout the workshops, participants were asked to offer feedback on the 
tool in general, the maturity element descriptions, and how to improve the tool. 
Participants’ input from every workshop was used to update and modify the draft tool to 
better represent industry terminology and typical risks associated with large industrial 
projects. The updated version of the tool would be used in subsequent workshops, and so 
on. 
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Table 5. Industry Workshops Characteristics 
Location Number of Participants 
Houston, Texas 14 
Seal Beach, California 6 
Cherry Hill, New Jersey 9 
Calgary, Alberta, Canada 19 
Total: 4 Workshops Total: 48 Participants 
 
Each workshop began with an explanation of the FEED maturity assessment, the 
purpose and goals of the research, and the desired product. Participants provided 
background information that included their company, position, the participant’s total years 
of experience, types of projects completed, and the percentage of work experience 
involving large industrial projects, and specifically how long each participant had been 
involved in FEED. Participants used one of their recently completed large industrial 
projects as a reference for providing relevant project performance data. During the 
workshops, FEED maturity data were collected for each project. Then, FEED maturity 
scores were computed to reflect a specific point in time (Phase Gate 3) for each project. 
The scores were later correlated with the performance metrics that include cost change, 
schedule change, change order performance, financial performance and customer 
satisfaction matching expectations. Detailed information about the data characteristics and 
the collected sample of projects is provided in the data characteristics section.  
3.5.4 Analysis of Project Performance 
After collecting the project data and calculating the performance metrics, statistical 
analysis was used to test the significance of any performance differences between projects 
with low and high FEED maturity. The investigated project performance metrics included 
cost change, schedule change, change performance, financial performance and customer 
satisfaction matching expectations. An analysis was also conducted on FEED maturity 
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versus  owner contingency. Furthermore, a sensitivity analysis was performed to set the 
threshold between low and high FEED maturity scores.  
Several statistical tests were used for this study. First, independent sample t-tests 
were used to determine if the means of two groups are statistically different from one 
another (Morrison 2009) when the normality assumption is met for the given samples. The 
t-test is used to measure the significance of observed differences between low and high 
maturity in terms of project performance. Second, the Mann-Whitney-Wilcoxon (MWW) 
test, is similar to the t-test for non-normal distributions; it is referred to as being 
nonparametric (Wilcox 2009). This statistical test is used to assess any significant 
differences between the medians of the two groups. For this study, the t-test or MWW test 
is used as appropriate to determine if there are any observed differences between low and 
high FEED maturity in terms of project performance. Third, the author also tested for 
regression and correlation to compare FEED maturity scores and project performance of 
the sample of completed projects.  
3.6 FEED Maturity Assessment 
 
This section outlines the FEED maturity elements development process: how 
definition level descriptions were developed, how the final list of maturity elements was 
chosen and agreed upon, how the assessment is structured, and how FEED maturity 
elements are weighted and scored. Forty-six (46) engineering elements were adopted from 
the PDRI for industrial projects through a consensus process with the research team and 
the findings of Yussef et al. (2016).  Elements are grouped into 11 categories (underlined 
in Figure 17) that are further grouped into three main sections of (I) Basis of Project 
Decision, (II) Basis of Design, and (III) Execution Approach (Gibson and Dumont 1996). 
Figure 17 shows the finalized list of maturity elements (in bold format). The figure also 
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includes the remaining 24 elements from the PDRI for industrial projects that are not 
included in the maturity component. These remaining 24 elements are not focused strictly 
on engineering design during FEP and hence not part of the scope of this research. They 
are shown in order to distinguish them from the maturity components of FEED. The 
weights for each section, category, and element are also shown according to the PDRI for 
large industrial projects (CII 2014b). 
The FEED maturity assessment is designed to help measure the engineering design 
effort during FEED based on the collective professional judgment of a project team. The 
FEED maturity assessment includes specific risk factors relating to new construction 
projects (i.e., greenfield) and additional information for renovation-and-revamp (R&R) 
projects. At the end of FEED, project representatives can make a comprehensive 
assessment of each of the 46 engineering elements and evaluate each element based on its 
level of completeness. After all elements have been assessed, a maturity score is calculated 
to gauge the overall FEED maturity.  
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I. BASIS OF DECISION (Maximum Score = 499)  
A.  
A.1  
A.2  
A.3  
B.  
B.1  
B.2  
B.3  
B.4  
B.5  
B.6  
B.7  
B.8  
A. Manufacturing Objectives (45) 
Reliability Philosophy (20) 
Maintenance Philosophy (9) 
Operating Philosophy (16) 
Business Objectives (213) 
Products (56) 
Market Strategy (26)  
Product Strategy (23) 
Affordability/Feasibility (16)  
Capacities (55) 
Future Expansion Considerations (17)  
Expected Project Life Cycle (8) 
Social Issues (12) 
C.  
C.1  
C.2  
D.  
D.1  
D.2  
D.3  
D.4  
D.5  
D.6  
E.  
E.1  
E.2  
E.3  
Basic Data Research Development (94) 
Technology (54) 
Processes (40) 
Project Scope (120) 
Project Objectives Statement (25) 
Project Design Criteria (22) 
Site Characteristics Available vs. Required (29) 
Dismantling and Demolition Requirements (15) 
Lead/Discipline Scope of Work (13) 
Project Schedule (16)  
Value Engineering (27) 
Process Simplification (8) 
Design & Material Alternatives Considered/Rejected (7) 
Design for Constructability Analysis (12) 
 
II. BASIS OF DESIGN (Maximum Score = 423) 
F.  
F.1  
F.2  
F.3  
F.4  
F.5  
F.6  
Site Information (104) 
Site Location (32) 
Survey and Soil Tests (13) 
Environmental Assessment (21) 
Site Permits (12) 
Utility Sourced with Supply Conditions (18) 
Fire Protection and Safety Considerations (8) 
H.  
H.1  
H.2  
H.3  
I.  
I.1  
I.2  
Equipment Scope (33) 
Equipment Status (16) 
Equipment Location Drawings (10) 
Equipment Utility Requirements (7) 
Civil, Structural, & Architectural (19) 
Civil / Structural Requirements (12) 
Architectural Requirements (7) 
G.  
G.1  
G.2  
G.3  
G.4  
G.5  
G.6  
G.7  
G.8  
G.9  
G.10  
G.11  
G.12 
G.13  
Process/Material (196) 
Process Flow Diagrams (36) 
Heat & Material Balances (23) 
Piping & Instrumentation Diagrams (P&IDs) (31) 
Process Safety Management (8) 
Utility Flow Diagrams (12) 
Specifications (17) 
Piping System Requirements (8) 
Plot Plan (17) 
Mechanical Equipment List (18) 
Line List (8) 
Tie-In List (6) 
Piping Specialty List (4) 
Instrument Matrix (8) 
 
J.  
J.1  
J.2  
J.3  
 
K.  
K.1  
K.2  
K.3  
K.4  
K.5  
K.6  
 
 
Infrastructure (25) 
Water Treatment Requirements (10) 
Loading/Unloading/Storage Facility Requirements (10) 
Transportation Requirements (5) 
 
Instrument & Electrical (46) 
Control Philosophy (10) 
Logic Diagrams (4) 
Electric Area Classification (9) 
Substation Requirements Power Sources Ident. (9) 
Electric Single-Line Diagram (8) 
Instrument & Electrical Specifications (6) 
III. EXECUTION APPROACH (Maximum Score = 78) 
L.  
L.1  
L.2  
L.3  
N.  
N.1  
N.2  
N.3  
 
Procurement Strategy (16) 
Identify Long Lead/Critical Equipment and Materials (8) 
Procurement Procedures and Plans (5) 
Procurement Responsibility Matrix (3) 
Project Controls (17) 
Project Control Requirements (8) 
Project Accounting Requirements (4) 
Risk Analysis (5) 
M.  
M.1  
M.2  
M.3  
P.  
P.1  
P.2  
P.3  
P.4  
P.5  
P.6  
Deliverables (9) 
CADD/Model Requirements (4) 
Deliverables Defined (4) 
Distribution Matrix (1) 
Project Execution Plan (36) 
Owner Approval Requirements (6) 
Engineering/Construction Plan Approach (11) 
Shut Down/Turn-Around Requirements (7) 
Pre-Commissioning Turnover Sequence Requirements (5) 
Startup Requirements (4) 
Training Requirements (3) 
Figure 17. Maturity SECTIONS, Categories, and Elements (adapted from CII 
2014b) 
The maturity assessment is designed to help measure the engineering design effort 
during FEED based on the collective professional judgment of a project team. The maturity 
assessment includes specific risk factors relating to new construction (i.e., Greenfield) 
projects and additional information for renovation-and-revamp (R&R) projects. At the end 
of FEED, project representatives can make a comprehensive assessment of each of the 46 
engineering elements and evaluate each element based on its level of completeness. After 
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all elements have been assessed, a maturity index is calculated to gauge the overall FEED 
maturity.  
3.6.1 Structure of FEED Maturity Elements 
Figure 18 depicts the typical layout of a FEED maturity element showing how the 
maturity of each definition level is scored. It should be noted that each element also 
contains additional technical details unique to each. These descriptions add clarity in rating 
each element and ensure consistency in the scoring process. The structure shown in Figure 
18 was created by the author and research team to develop detailed definition level 
descriptions for all of the 46 identified FEED maturity elements. In essence, definition 
level Zero (DL 0) indicates that the element is not required for the project. DL 1 indicates 
full element readiness and stakeholders’ approval. DL 2 is associated with major element 
completion prior to final approval. DL 3 is used when some element descriptions have been 
defined with holds for deficiencies. DL 4 indicates that some initial thoughts have been 
applied to the element; however, little to no meeting time or design hours have been 
expended. Finally, DL 5 indicates that the work on the element has not yet started.      
SECTION Definition Level 
 N/A   Best  Medium Worst 
CATEGORY 0 1 2 3 4 5 
Element 
 
Element 
description 
 
 
 
 
 
N
ot
 re
qu
ir
ed
 fo
r p
ro
je
ct
.  
All element 
descriptions 
are satisfied 
and approved 
by key 
stakeholders as 
a basis for 
detailed design. 
Most element 
descriptions are 
documented and 
under review, but 
not yet approved. 
There may be 
minor deficiencies. 
Some element 
descriptions have 
been defined with 
holds for 
deficiencies. 
Some initial 
thoughts have been 
applied to this 
element; however, 
little to no meeting 
time or design hours 
have been expended 
and little has been 
documented. 
N
ot
 y
et
 st
ar
te
d.
 
**Renovation 
and 
Revamp** 
 
R&R 
description 
Items related to 
R&R have 
been 
documented 
and approved 
by key 
stakeholders. 
Most items related 
to R&R have been 
documented and 
are under review, 
but not yet 
approved.  
Some items related 
to R&R have been 
identified and are 
being assessed. 
Little or no meeting 
time or design hours 
have been expended 
on R&R items. 
Figure 18. Structure of FEED Maturity Elements 
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3.6.2 Maturity Scoring and Elements Weighting  
A  basic tenet of FEP is that not all assessed items are equally critical to project 
success. Certain FEED maturity elements are higher in the hierarchical order than others 
with respect to their relative importance. The first PDRI for industrial projects research 
utilized two industry-based workshops to develop weights to each of the total 70 PDRI 
elements (Dumont et al. 1997). A total of 54 experienced project managers and estimators 
were invited to evaluate and weight the elements in the PDRI. These individuals 
represented a mix of 31 owner and contractor companies. The PDRI uses a zero to 1000-
point scheme, where a score close to zero represents a well-defined project while a score 
close 1000 signifies one that is poorly defined. In this score, lower is better, similar to golf 
scores.  This scoring scheme allows non-applicable elements to be assigned a definition 
level of zero and eliminated, thus not affecting the final project score (Gibson and Dumont 
1996). 
For the purposes of this research, the author and research team decided to use 
element weights from the PDRI for industrial projects since these have been developed 
experimentally and vetted over 20 years by industry and academia (e.g., Dumont et al. 
1997; Cho and Gibson 2000; Bingham and Gibson 2016; Collins 2017; ElZomor et al. 
2018). Forty-six (46) engineering elements were adopted from the PDRI for industrial 
projects through focus groups as described in the methodology section.  The 46 elements 
amounted to 741 points (the maximum FEED maturity score) of PDRI’s 1000 total points. 
The FEED maturity elements are arranged in a score sheet format and are supported by 
descriptions and checklists. An excerpt of part of the score sheet is shown in Figure 19, 
which shows the elements that make up the Manufacturing Objectives Criteria section of 
the FEED maturity assessment. The top five FEED maturity elements in terms of weight 
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are Products, Capacities, Technology, Processes, and Process Flow Sheets. Thus, these top 
five elements have a higher impact on the overall FEED maturity score compared to the 
rest of the elements. Table 6 shows the top twenty percent FEED maturity elements in 
terms of weights. 
SECTION I - BASIS OF PROJECT DECISION 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
A.  MANUFACTURING OBJETIVES CRITERIA (Maximum Score =45)  
     A1.  Reliability Philosophy 0 1 5 9 14 20  
     A2.  Maintenance Philosophy 0 1 3 5 7 9  
     A3.  Operating Philosophy 0 1 4 7 12 16  
CATEGORY A TOTAL  
Figure 19. Excerpt from the Project Maturity Score Sheet (CII 2014b) 
Table 6. Top FEED Maturity Elements 
Rank FEED Maturity Element 
1 B1.  Products 
2 B5.  Capacities 
3 C1.  Technology 
4 C2.  Processes 
5 G1.  Process Flow Sheets 
6 G3.  Piping and Instrumentation Diagrams (P&ID's) 
7 D3.  Site Characteristics Available vs. Required 
8 G2.  Heat and Material Balances 
9 D2.  Project Design Criteria 
 
Selecting the definition level for each of the 46 elements is accomplished by 
comparing the maturity score descriptions in the scoring matrix. Each element is assessed 
in turn, leading to an overall raw maturity score. A normalization process then flips the 
usual PDRI score (where “lower is better”) to create a new maturity index, where a higher 
score is better, and the result lies on a zero to 100-point scale. The following formula 
converts the raw maturity score into an index between 0 and 100, with 100 having the 
highest possible FEED maturity: 
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑	𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦	𝑆𝑐𝑜𝑟𝑒 = (−0.1456 ∗ 𝑅𝑎𝑤	𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦	𝑇𝑜𝑡𝑎𝑙	𝑆𝑐𝑜𝑟𝑒) + 107.86 
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3.6.3 Maturity Elements Description 
Each FEED maturity element is further detailed with a description. Figure 20 shows 
an example of a maturity element description. The research team thoroughly reviewed all 
of the elements during seven internal team meetings and decided upon the final set of 
element descriptions after rigorous discussion and debate. The research team added 
specific “comments on issues” to several element descriptions to provide additional 
explanations and updates to the PDRI for industrial projects element descriptions reflecting 
current industry practice.  
A2. Maintenance Philosophy 
A list of the general design principles to be considered to meet unit/facility (or upgrades 
instituted for this project) has been developed to maintain operations at a prescribed level. 
Evaluation criteria include: 
¨ Scheduled unit/equipment shutdown frequencies and durations 
¨ Equipment access/monorails/cranes/other lifting equipment 
¨ Maximum weight or size requirements for available repair equipment 
¨ Equipment monitoring requirements (e.g., vibrations monitoring) 
¨ Other 
 
 Comments on Issues: 
Other items typically include repairs inside or outside the plant and the time and 
transportation effort for those activities. Additionally, reliability models and simulations 
are typically used to validate on-line plant time. 
 
** Additional items to consider for Renovation & Revamp projects ** 
¨ Maintenance impact of renovation projects 
¨ Common/ spare parts (repair vs. replace existing components) 
¨ Interruptions to existing and adjacent facilities during R&R work 
¨ Compatibility of maintenance philosophy for new systems and equipment with 
existing use and maintenance philosophy 
¨ Coordination of the project with any maintenance projects 
Figure 20. Example of Maturity Element Description (El Asmar et al. 2018) 
3.6.4 Example Structure of the FEED Maturity Elements 
Figure 21 showcases the maturity assessment for element A2. Maintenance 
Philosophy. The assessment tool shows the general element description on the left side, but 
also provides detailed descriptions of each element definition level (from 0 to 5) on the 
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right side of the page, which were also developed by the focus groups then refined in the 
workshops through commentary. These have been developed for each of the 46 maturity 
elements. The new detailed descriptions add clarity in rating each element and add 
consistency to the scoring process as a whole. Figure 21 represents an example of only one 
element in the maturity assessment. The entire 46 developed definition levels description 
can be found in El Asmar et al. (2018).   
 
Figure 21. Example Structure of the FEED Maturity Elements 
The FEED maturity assessment adopted and built upon the industry accepted 0 to 
5 PDRI scoring for each element.  In order to address the need for consistency, the author 
developed descriptions for each definition level (from 0 to 5). Thus, the research team 
separated into five focus groups of experienced FEED professionals, each focusing on a 
different area: the project objective, process, civil/structural, piping/mechanical and 
instrumentation. The focus groups developed the descriptions of definition levels, which 
are the base of the assessment tool, over the course of 15 months. The focus groups ran 
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brainstorming sessions during ten team meetings, web-based conference calls, as well as 
individual reviews to complete this step. The 0 to 5 scoring associated with the new 
elements’ descriptions is designed to assess FEED maturity at the authorization level 
(Phase Gate 3). Although the assessment can be used at various phases in the project, the 
descriptions were developed to reflect the needed engineering design maturity for project 
authorization at Phase Gate 3 (PG3). PG3 is the time when front end planning ends and the 
decision is made to move forward (or not) with a large industrial project. 
3.7 Testing the FEED Maturity Assessment on In-progress Projects 
 
Although the 46 identified elements were adopted from the PDRI, the author and 
the research team of 24 industry experts spent about two years developing and testing 
description levels for each definition level (from 0 to 5).  With the new assessment, a 
project team can quickly and more effectively evaluate the definition level of their project. 
In the past that was done with the help of a facilitator, and there were different 
interpretations of the levels of definition for each element. Thus, the new assessment, 
which focuses only on engineering elements, is considered a major addition in terms of 
objectivity, clarity, and consistency.  
The assessment was tested on 11 in-progress large industrial projects, which 
showcased this added value. One example of these projects is discussed here for illustration 
purposes.  A team working on a structural steel replacement project at the end of Phase 3 
was asked to evaluate their project’s FEED maturity without the benefit of using the 
element definitions of the new FEED maturity assessment.  The team gave the project a 
FEED maturity score of 82 out of 100 and felt that they were ready to move to detailed 
design.  Next, the team was given the new element definition levels from the FEED 
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maturity assessment presented in this paper, and asked to repeat the exercise.  The new 
score was 70, and the team felt that they needed more time to work on the engineering 
deliverables before proceeding to detailed design.  The scores demonstrate the new 
assessment allows a project team to make a more consistent and realistic evaluation of their 
progress towards completion. This observation was consistent across the 11 in-progress 
projects that tested the new assessment. The impact of FEED maturity on project 
performance is discussed next.  
3.8 The Impact of FEED Maturity on Project Performance 
 
The author used several statistical methods to analyze the data collected from the 
workshops. Microsoft Excel™ and SPSS™ were the two primary software platforms used 
to aggregate and analyze the data. Every effort was made to keep confidential any 
proprietary information collected from respondents that provided data to support the 
research effort. Responses were coded during the analysis as to make anonymous all 
individual, organization, project, or client names or indicators.  
3.8.1 Data Characteristics 
In total, 33 completed projects were used in the data sample for this research. The 
sample of completed projects represented a total cost of USD 8.83 billion, ranging from 
USD $7.05 to $1,939 million, and from 240 to 2,340 schedule days. The projects were 
constructed in the U.S., Canada, and Brazil and included newly constructed and renovation 
and revamp facilities. The author calculated FEED maturity scores for each completed 
project based on levels of definition of FEED maturity noted in each completed project 
questionnaire. FEED maturity scores of these projects ranged from 52 to 97.  
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 Table 7 presents the descriptive statistics for the projects used in the analysis. 
Descriptive statistics show the data inputs of total installed cost, total project duration, the 
absolute dollar value of change orders, financial performance scores, customer satisfaction 
scores, budgeted owner contingency, and FEED maturity score. Next, descriptive statistics 
for the calculated outputs of cost change, schedule change, change performance, and owner 
contingency change are shown. The author electronically distributed the questionnaire 
which was drafted to capture the completed-projects data to each industry participant prior 
to the four industry workshops so they can prepare accordingly. A total of 48 professionals 
representing 31 organizations (14 owners and 17 contractors) attended the four workshops 
and filled out the project data in real time. The individuals provided project data, 
professional comments, and suggestions, and the author were leading the data collection 
and testing workshop and answering questions as these come up. Project data were 
collected for 38 projects; however, some of these projects either had missing or incomplete 
data. Complete data was provided for 33 projects which included chemical plants, 
refineries, pipeline projects, pharmaceutical manufacturing facilities, oil and gas projects, 
remediation facilities, terminal operations facilities, food manufacturing plants, power 
plants, corporate museum renovations, process plants, compression stations, and heavy 
industrial processing facilities.   
It should be noted that one project used in the testing was below the $10 million 
cost threshold for large industrial projects. The author chose to keep this project in the 
dataset because the project team felt that their project was complex and met the remaining 
criteria, despite being slightly below $10 million. For this study, the author investigated 
the nature of the outliers and made sure that they were all valid data points and were not 
due to incorrectly entered or measured data (Morrison 2009). Thus, following an approach 
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considered by a previous PDRI development, the author decided to keep the outliers and 
extremes that are still valid data points (Morrison 2009). 
Table 7. Descriptive Statistics (N=33) 
 Avg. Median Std. Dev. Min Max 
Inputs      
Total Installed Cost ($M)  267.86 108.40 451.07 7.05 1,939.00 
Total Project Duration (Days)  933.48 780.00 466.65 240.00 2,340.00 
Budgeted Owner Contingency ($M) 17.38 10.00 23.89 0.00 102.00 
FEED Maturity Score (1-100) 82.00 83.00 9.81 52.00 97.00 
Outputs      
Cost Change (%)  9.17 5.90 18.44 -27.27 53.45 
Schedule Change (%)  13.40 11.61 18.53 -20.00 68.75 
Change Performance (%)  9.51 5.45 14.72 0.00 80.00 
Absolute Value of Change Orders ($M)  25.40 5.75 73.39 0.00 415.00 
Financial Performance (1-5 scale)  3.19 3.00 1.12 1.00 5.00 
Customer Satisfaction (1-5 scale) 3.96 4.00 0.99 1.00 5.00 
 
3.8.2 Setting the FEED Maturity Threshold 
In order to establish a threshold value for the FEED maturity score, which was later 
used in the statistical testing, a step-wise sensitivity analysis was performed. The step-wise 
sensitivity analysis was performed by ordering the FEED maturity scores from lowest to 
highest, and successively comparing cost change data starting with the lowest maturity 
score and stepping up to the very next maturity score. This process generates a p-value for 
each successive cost change comparison. The p-values are then plotted vs. the maturity 
score to establish a threshold value for the FEED maturity assessment tool. The output of 
the step-wise sensitivity analysis is shown in Figure 22. The lowest p-value of 0.0016 
corresponded to a maturity score of 80. The median value of maturity scores (83) was 
among the steps in the step-wise sensitivity analysis. The same results hold using the 
median, resulting in a p-value of 0.0017 which is barely less statistically significant than 
the p-value corresponding to a score of 80.  Thus, the FEED maturity threshold was set at 
80 to separate between projects with high and low FEED maturity. 
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Figure 22. Step-wise Sensitivity Analysis Results based on Cost Change 
3.8.3 Cost Change 
Cost change was the first metric tested to measure the impact of FEED maturity on 
project performance.  The author calculated the cost change percentage for each project in 
the dataset as follows:  Cost	change	(%) = 	 NOPQNR	PSPNR	TUVPNRRWX	OSVP	($)		Z	[QX\WPWX	PSPNR	TUVPNRRWX	OSVP	($)[QX\WPWX	PSPNR	TUVPNRRWX	OSVP	($) ∗ 100   
 
Figure 23 displays the boxplot of cost change versus FEED maturity. As shown in 
the boxplot, the mean and median of cost change values for projects with low FEED 
maturity (22% and 21% respectively) are greater than the mean and median of high FEED 
maturity projects (2% and 0% respectively). The observed differences are large and will 
be tested for statistical significance next.  
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Figure 23. Cost Change versus FEED Maturity 
The first step in the statistical testing was performing a Shapiro-Wilk normality test 
for the cost change dataset. The p-value found for the test is 0.219 (greater than 0.05).  
Thus, the dataset can be assumed to be normally distributed and the t-test will be 
appropriate to use. The t-test was performed to determine if a statistical difference existed 
between the cost change of projects with high FEED maturity versus projects with low 
FEED maturity. The resulting p-value of 0.002 confirms that there are significant 
differences in performance for cost change between projects exhibiting high FEED 
maturity and projects exhibiting low FEED maturity.  
The author also tested for correlation between the FEED maturity score and cost 
change. Correlation, commonly denoted by r, measures the strength of the linear 
relationship between a set of two quantitative variables (Moore et al. 2010). The 
independent variable (FEED maturity score) is assumed to predict behavior of the 
dependent variable (cost change) (Moore et al. 2010). The Pearson r-value of -0.495 
indicates that there is a moderate negative correlation (Moore et al. 2010) between the 
FEED maturity score and cost change. This correlation is statistically significant based on 
a p-value of 0.004 (less than 0.05). Additionally, a linear regression analysis was performed 
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on cost change vs. FEED maturity. The resulting p-value from the regression was 0.004 
confirming that there is a significant relationship, or the slope of the regression equation is 
non-zero which, in turn, suggests that changes in the predictor variable (maturity score) are 
significantly correlated with changes in the response variable (cost change). The r2 value is 
0.245 which indicates that 24.5 percent of the variance is explained by the predictor 
(maturity score).   
Overall, this series of analyses on cost change seem to suggest that, for this sample, 
FEED maturity impacts cost certainty. Projects with high FEED maturity are significantly 
more likely to achieve their budget goals. The analysis showed that for this sample, the 
differences in cost change are on the order of almost 20 percent, and that these differences 
are statistically significant.  A statistically significant moderate correlation was found 
between the FEED maturity score and cost change. If the sample is representative, 
practitioners can potentially save a considerable dollar amount for large industrial projects 
by putting more emphasis on the maturity of FEED. 
3.8.4 Schedule Change 
The next metric used was schedule change.  The author calculated the schedule 
change percentage for every project in the dataset as follows:  
Schedule	change	(%) = 	actual	total	duration	(days) − 	planned	total	duration	(days)planned	total	duration	(days) ∗ 100 
Figure 24 displays the boxplot of schedule change versus FEED maturity. As shown 
in the boxplot, the mean and median of schedule change values for projects with low FEED 
maturity scores (15% and 11% respectively) are greater than the mean and median of 
schedule change for high FEED maturity projects (12% and 11% respectively). The 
observed differences are small and will be tested for statistical significance next. 
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Figure 24. Schedule Change versus FEED Maturity 
The schedule change dataset is tested for normality. The p-value of the Shapiro-
Wilk normality test is less than 0.005, which indicates that the dataset is not normally 
distributed and follows some other continuous distribution. Thus, the MWW test is 
appropriate to use. The resultant p-value from the MWW is 0.586. Therefore, for this 
sample, it can be concluded that the level of FEED maturity is not significantly impacting 
the schedule change percentages for these projects. 
The correlation between the FEED maturity score and schedule change was also 
tested. The r-value of -0.271 indicates that there is a low negative correlation between the 
FEED maturity score and schedule change. However, this correlation was not found to be 
statistically significant based on a p-value of 0.134 (greater than 0.05). The author also 
performed a linear regression analysis on schedule change vs. FEED maturity. The 
resultant p-value of 0.134 confirms that there is no significant relationship and the slope of 
the regression equation is essentially zero, which in turn, suggests that changes in the 
predictor variable (maturity score) are not correlated with changes in the response variable 
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(schedule change). The r2 of 0.073 indicates that only 7.30 percent of the variance is 
explained by the predictor (maturity score). 
Overall, the analysis revealed that schedule performance is troublesome for large 
industrial projects across the board. The author and research team had several in-depth 
discussions as to why this is the case. One possibility, evidenced by the more than twenty 
research team members’ experiences, is that project teams are seldom given enough time 
to complete projects readily, and that schedule estimates are often too aggressive. It should 
be noted that this hypothesis is based on experiential evidence from the industry team 
members and has not been statistically tested. 
3.8.5 Change Performance 
The objective of this section is to investigate the influence of high and low FEED 
maturity on change performance.  The change performance percentage is calculated as 
follows:  
Change	performance	(%) = 	 total	value	of	positive	change	orders	($) + |total	value	of	negative	change	orders|($)actual	total	intalled	cost	($) ∗ 100 
Figure 25 displays the boxplot of change performance versus FEED maturity. The 
median of change performance values for projects with low FEED maturity scores (16% 
and 6% respectively) are greater than the mean and median of change performance for high 
FEED maturity projects (6% and 5% respectively). Next, the observed differences will be 
tested for statistical significance. 
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Figure 25. Change Performance versus FEED Maturity 
The change performance dataset is tested for normality. The p-value of the Shapiro-
Wilk normality test is less than 0.005, which indicates that the dataset is not normally 
distributed. Therefore, the MWW test will be appropriate to use. The resultant p-value from 
the MWW test is 0.586. Therefore, it can be concluded, for this sample, that the level of 
FEED maturity is not significantly impacting the change performance for these projects. 
The author also tested for correlation between the FEED maturity score and change 
order performance. The found r-value of -0.303 indicates that there is a low negative 
correlation between the FEED maturity score and change order performance. However, 
this correlation was not found to be statistically significant based on a p-value of 0.097 
(greater than 0.05).  Next, a linear regression analysis was performed on change order 
performance vs. FEED maturity. The resultant p-value was 0.097 confirming that there is 
no significant relationship between FEED maturity and changes, as discussed earlier. The 
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r2 value of 0.092 indicates that only 9.20 percent of the variance is explained by the 
predictor (maturity score).  
Overall, the change orders analysis led to the conclusion that the differences in 
change performance are on the order of 10 percent. However, the tests did not show a 
statistically significant difference between the high maturity and low maturity projects in 
terms of change performance. It is observed from the data that having a mature FEED 
resulted in less change percentage, but this is not proven with this sample.  
3.8.6 Project Financial Performance and Customer Satisfaction 
The last two metrics tested against FEED maturity are financial performance and 
customer satisfaction matching expectations for the completed projects. Most workshops 
participants who submitted completed project data noted in their questionnaires the 
project’s financial performance and customer satisfaction, each on a Likert scale of one to 
five. For financial performance, a score of one equated to the project falling far short of 
expectations set at the end of front end planning, and a score of five equated to the project 
far exceeding expectations. For customer satisfaction, a score of one equated to the overall 
success of the project being very unsuccessful, and a score of five equated to the overall 
success of the project being very successful. The normality test is not needed for financial 
performance and customer satisfaction datasets; these two datasets follow a discrete 
(ordinal) distribution only containing the numbers 1, 2, 3, 4, or 5. Therefore, by definition, 
the dataset cannot be normally distributed since it is not continuous. 
The financial performance and customer satisfaction ratings were summed for 
projects scoring above and below the 80-point maturity score cutoff, and mean values of 
each were calculated. Figure 26 shows the comparison of the mean financial performance 
and customer satisfaction ratings for high and low FEED projects. Projects in this sample 
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exhibiting high FEED maturity had better mean financial performance and customer 
satisfaction ratings than projects exhibiting low FEED maturity. As shown in Figure 26, 
projects exhibiting low FEED maturity had mean and median financial performance of 
2.46 and 3.00 respectively. However, projects with high FEED maturity had mean and 
median financial performance of 3.76 and 4.00 respectively. In addition, projects in this 
sample with high FEED maturity recorded mean and median customer satisfaction of 3.00. 
Projects with low FEED maturity recorded mean and median customer satisfaction of 4.50 
and 4.00 respectively.  
 
Figure 26. Financial Performance and Customer Satisfaction versus FEED Maturity 
MWW tests were performed to determine if statistical differences existed between 
high and low FEED maturity projects. The test for financial performance shows a 
statistically significant difference between the two groups (p-value is 0.005, or less than 
0.05). In addition, the test for customer satisfaction showed a statistically significant 
difference between the two groups (p-value is 0.004, or less than 0.05). Therefore, it is 
proven for this sample that having mature FEED resulted in better financial performance 
and customer satisfaction matching expectations.   
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3.8.7 Summary of Findings on Project Performance 
The results of the completed project analysis showed that, for this sample, projects 
with high FEED maturity outperformed projects with low FEED maturity when it comes 
to cost performance, financial performance, and customer satisfaction. Table 8 summarizes 
the mean or median for cost change, schedule change, change orders performance, financial 
performance, and customer satisfaction results. In the instances where the t-test was used, 
the table shows the mean values for high and low FEED maturity projects. However, the 
medians are presented in the cases where the MWW test was used.    
Table 8. Summary of Project Performance Metrics 
Performance Low FEED Maturity High FEED Maturity Δ p-value 
Cost Change 22% above budget (n = 13) 
2% above budget 
(n = 20) 20% 0.002* 
Schedule Change 15% behind schedule (n = 13) 
12% behind schedule 
(n = 20)  3% 0.586 
Change Orders 16% of budget (n = 11) 
6% of budget 
(n = 20) 10% 0.554 
Financial Performance  3.00  (n = 12) 
4.00 
(n = 21) 1.00 0.005* 
Customer Satisfaction 3.00 (n = 12) 
4.00 
(n = 21) 1.00 0.004* 
*significant at p<0.05 
3.9 The Impact of FEED Maturity on Owner Contingency 
One of the research objectives was to investigate the impact of FEED maturity on 
owner contingency. Owner contingency is the budget that is set aside to cope with 
uncertainties during construction (Touran 2003). Touran stated that one of the more 
common methods of budgeting for contingency is to consider a percent of the estimated 
cost, based on previous experience with similar projects. Owner contingency is controlled 
by the owner and is included in the owner’s project budget (Günhan and Arditi 2007). 
Contingency funds are established such that (1) emergencies are resolved by providing 
funds for future unforeseen expenses; (2) completion is assured by the project deadline by 
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accelerating progress; (3) value is added to the constructed facility, typically by 
implementing design and scope changes; and (4) contingency savings are maximized (Ford 
2002). The assumption with the sample used in this analysis is that contingency should be 
related to the relative maturity of the FEED.  For instance, a project with immature FEED 
should set aside higher contingency to handle a larger number of uncertainties.  Owner 
contingency percentage is calculated as follows: 
Contingency	(%) = 	 budgeted	contingency	($)budgeted	total	installed	cost	($) ∗ 100 
The owner’s contingency dataset was first tested for normality. The p-value for the 
normality test is 0.561. Since the Shapiro-Wilk normality tests’ p-values are greater than 
0.05, the datasets can be assumed to be normally distributed. Thus, the t-test will be 
appropriate to use.   
Figure 27 displays the boxplot of owner contingency versus FEED maturity. The 
mean and median values of contingency for projects with low FEED maturity scores (11% 
and 9% respectively) are greater than the mean and median value of high FEED maturity 
projects (7%). However, the differences are small, and the t-test does not show them to be 
statistically significant (p= 0.165). Therefore, for this sample, it can be concluded that the 
level of FEED maturity is not significantly impacting the owner’s contingency percentages 
for these projects.  
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Figure 27. Contingency versus FEED Maturity 
The owner’s contingency dataset was first tested for normality. The p-value for the 
normality test is 0.561. Since the Shapiro-Wilk normality tests’ p-values are greater than 
0.05, the datasets can be assumed to be normally distributed. Thus, the t-test will be 
appropriate to use.   
The author also tested for correlation between the FEED maturity score and 
contingency. The resultant r-value of -0.215 indicates that there is a very low if any 
correlation between the FEED maturity score and contingency. However, this correlation 
was not found to be statistically significant based on a p-value of 0.302 (greater than 0.05). 
Additionally, the author performed a linear regression analysis on contingency vs. FEED 
maturity. The resultant p-value was 0.302 indicating that there is no significant relationship 
between FEED maturity and contingency. The r2 value of 0.046 indicates that only 4.60 
percent of the variance is explained by the predictor (maturity score). 
The key takeaway from this series of analyses is that project owners seem to assign 
cost contingency without considering FEED maturity levels. The project’s level of FEED 
maturity could inform the owners’ process of allocating project contingency levels. For 
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this sample, high FEED maturity projects outperformed low FEED maturity projects by 20 
percent in terms of cost change. Therefore, owners have a choice to invest in a mature 
FEED to avoid cost growth, as was statistically proven in this study.  
3.10 Conclusions 
This research investigates FEED maturity and its impact on large industrial project 
performance in terms of cost change, schedule change, change performance, financial 
performance, customer satisfaction. The correlation between FEED maturity and owner 
contingency was also explored. The contributions of this work to the body of knowledge 
include (1) developing an objective method to consistently measure and manage the front 
end engineering design maturity and (2) quantifying that projects with high FEED maturity 
outperformed projects with low maturity by 20 percent in terms of cost growth in relation 
to the approved budget.   
FEED maturity and its impact on project performance were investigated through a 
series of four industry-sponsored, expert workshops with engineering professionals 
experienced in completing FEED for large industrial projects. Specific project data 
regarding the FEED development effort and project cost, schedule, changes, financial 
performance, and customer satisfaction, were collected and analyzed. FEED maturity was 
tested on 33 completed projects with an overall expenditure of over US $8.83 billion. 
FEED maturity scores were calculated for each project and compared to project 
performance data using univariate statistical analyses.   
The key quantitative findings are that, for this sample, projects with high FEED 
maturity outperformed projects with low FEED maturity by 20 percent in terms of cost 
change.  Thus, FEED maturity plays an important role in the success of industrial projects 
and adds much clarity to the process.   The results demonstrate the ability of the new FEED 
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maturity assessment to highlight the risk factors most important to address during the 
FEED development of an industrial project, and their potential impacts on project 
performance.  The results also show that the developed assessment of 46 elements is a 
credible metric to gauge FEED maturity.  Moreover, a separate analysis conducted on 
FEED maturity versus contingency shows that project owners seem to assign contingency 
percentages without considering FEED maturity levels. This new assessment may add 
significant value to the process of assigning contingency. 
The author and research team made every effort to collect data from a diverse group 
of individuals and organizations spanning three countries; however, due to the sample size 
of 33 projects, these projects may not be representative of the entire population of projects 
globally. Moreover, the research described in this paper was focused on the industrial 
construction sector and may or may not be appropriate for use on projects in other industry 
sectors. However, the methods that have been outlined can be used to develop similar tools 
for building and infrastructure projects.  
An area of future work would be finding means to encourage industry to implement 
current research findings. FEP research results over the past three decades, including the 
existing PDRI and this new FEED maturity assessment, have identified what it takes to 
maximize the probability of an industrial project being successful. The data analyzed in 
this study prove this fact. However, even though this knowledge exists, many organizations 
are not fully making use of it. Implementation of known research findings remains a 
challenge in our industry and is arguably what is needed for the industry to take its next 
big leap. 
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4. A NEW APPROACH TO MEASURE THE ACCURACY OF FEED 
4.1 Abstract 
The accuracy of front end engineering design (FEED) plays an essential role in the 
overall success of large industrial projects. Assessing FEED accuracy is significant for 
project owners as it can support informed decisions including cost and schedule 
predictions. The primary objective of this paper focuses on quantifying FEED accuracy 
and its impact on project performance in terms of cost change, schedule change, change 
performance, financial performance, and customer satisfaction. In this study, FEED 
accuracy is gauged by a comprehensive assessment of the project leadership team, 
execution team, management processes, and resources. A scientific research methodology 
was employed that included a literature review, focus groups, an industry survey, four data 
collection workshops, and statistical analysis of project performance. The author collected 
data from 33 recently completed large industrial projects representing over $8.83 billion of 
total installed cost. The three contributions of this work include (1) identifying 27 critical 
FEED accuracy factors (2) developing an objective and scalable method to measure FEED 
accuracy and (3) quantifying that projects with high FEED accuracy outperformed projects 
with low FEED accuracy by 20 percent in terms of cost growth in relation to the approved 
budget. These contributions to the engineering management body of knowledge also have 
practical implementations for large industrial project stakeholders who can benefit from 
this new approach to significantly improve their project performance.    
4.2 Introduction 
Planning efforts conducted during the early stages of a construction project, known 
as front end planning (FEP), have a large impact on project success and significant 
influence on the configuration of the final project (Gibson et al. 1995). According to 
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Gibson et al. (1995) and the Construction Industry Institute (CII 2006), FEP is defined as 
the process of developing sufficient strategic information with which owners can address 
risk and decide to commit resources to maximize the chance for a successful project. FEP 
is considered one of the most essential processes in a large industrial project’s lifecycle, 
and has been proven to impact project performance through several studies (Dumont et al. 
1997; Cho and Gibson 2000; González et al. 2010; Hwang and Ho 2011; Bingham et al. 
2016; Collins 2017; ElZomor et al. 2018). 
Although previous studies investigated FEP, past research has not explicitly 
focused on assessing the accuracy of the engineering design component of front end 
engineering design (FEED). For a successful outcome, both the facility owner and the 
engineer have to be well-aligned as the project design process moves forward (Griffith and 
Gibson 2001). Effective FEED efforts can reduce commissioning and start-up challenges 
(O’Connor et al. 2016) and allow for effective sustainability practices to be incorporated 
in the project including the selection of more environmentally friendly materials and 
technologies (Yates 2014). 
 Previous FEP tools such as the Project Definition Rating Index (PDRI) focused on 
assessing the FEP processes; however, they have not looked at the environment in which 
FEP is being completed. Such as the experience of the leadership and execution teams, 
commitment of the stakeholders, funding, calendar time, resources, and several other 
factors that will be discussed in this paper.  The accuracy of FEED supplements the owner’s 
ability to make informed and reliable decisions including cost and schedule predictions. 
These decisions also include the contingency level needed for the project and the predicted 
impact on the success of subsequent phases which include detailed design and construction, 
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project execution, and start-up.  Due to these identified needs, this paper defines and 
assesses the accuracy of FEED to support phase-gate approvals during FEP.  
Figure 28 shows the typical steps involved in the FEP process based on the CII FEP 
Toolkit (CII 2014).  Note that the three phases of FEP allow the planning team to 
progressively define the scope of the project in more and more detail in order to form a 
good basis of detailed design.  The phase gates are simply points in the process where the 
previous phase is approved so that the project can move forward. FEED is typically 
performed at the detailed scope phase of FEP. 
 
Figure 28. Front End Planning Process 
The objectives of this paper are (1) quantifying the accuracy of FEED within the 
industrial project sector, and (2) measuring its impact on project performance. Performance 
is defined as cost change, schedule change, change performance, financial performance, 
customer satisfaction. The author’s hypothesis is that the accuracy of FEED impacts project 
performance. Performance differences between projects with varying FEED accuracy 
levels will be used to test this hypothesis.  
A comprehensive review of numerous engineering and construction literature 
sources was completed to understand previous efforts that focused on the accuracy of 
engineering design, in addition to studies that explicitly studied FEED. Then, based on the 
outcomes of the literature review, gaps in FEED knowledge were identified, and the 
Design and
Construction3DetailedScope2Concept1Feasibility0
Phase Gate Phase
FRONT END PLANNING PROCESS
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research objectives and methods were developed. The tested definitions for FEED and 
FEED accuracy are presented next. 
4.2.1 Definitions 
To provide context to the study, developing definitions for the terms “FEED” and 
“FEED accuracy” were two foci of the author early in the research effort. FEED is defined 
as “a component of the FEP process performed during detailed scope (Phase 3), consisting 
of the engineering documents, outputs, and deliverables for the chosen scope of work. In 
addition to FEED, the project definition package (also known as the FEED package) 
typically includes non-engineering deliverables such as a cost estimate, a schedule, a 
procurement strategy, a project execution plan, and a risk management plan” (Yussef et al. 
2017).  Figure 29 illustrates the FEED definition and its relationship to the various other 
deliverables associated with the project definition package (Yussef et al. 2018). In essence, 
FEED informs the other deliverables and vice versa. 
 
Figure 29. The Project Definition Package 
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FEED accuracy is defined as “the degree of confidence in the measured level of 
maturity of FEED deliverables to serve as a basis of decision at the end of detailed scope 
(Phase Gate 3).” (Yussef et al. 2017; El Asmar et al. 2018). In essence, the environment 
and systems in which project teams work toward developing FEED impact their ability to 
produce engineering deliverables that can meet the owner requirements.  
4.3 Research Method 
The objective of this research investigation is to quantify FEED accuracy and 
measure its impact on project performance. To achieve the research objective, the study 
followed a scientific and comprehensive research methodology that included six main 
steps. First, an extensive literature review was conducted to define FEED and identify 
FEED accuracy factors. Second, several focus group meetings were held with the research 
team to help frame the research effort. The research team consisted of 24 industry members 
(also referred to as domain experts according to Lucko and Rojas 2010) with industrial 
construction experience, and four academic members. Third, based on input from these 
focus groups, the author developed an industry survey to gauge the industrial construction 
sector’s perceptions of FEED and its accuracy. The author analyzed the survey results and 
held focus groups with the research team to finalize the definitions of FEED and FEED 
accuracy and inform the development of the FEED accuracy assessment. Fourth, the author 
and research team developed the initial version of the FEED accuracy assessment tool 
based on the findings thus far. Fifth, four industry-sponsored workshops were held to 
collect FEED accuracy data and project performance data. The workshops helped finalize 
the accuracy factors and their descriptions while also collecting quantitative data on FEED 
accuracy and project performance. The sixth and final step in the research was to 
statistically test the impact of FEED accuracy on project cost change, schedule change, 
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change performance, financial performance, and customer satisfaction. The research 
methodology is illustrated in Figure 30.   
 
Figure 30. Research Method 
4.3.1 Literature Review and Focus Groups 
The first step of this study was an extensive literature review. The literature review 
started with identifying FEED definitions and typical engineering design issues associated 
with design accuracy for large industrial projects. The findings were presented to the 
research team, which was divided into five specific focus groups based on team members’ 
background and experience, and the team developed  37 specific factors that should be 
utilized to assess FEED accuracy. These 37 factors were refined and finalized over a 
number of research team meetings, ultimately being reduced to 27 factors after input from 
industry workshops. The focus groups subsequently finalized the 27 FEED accuracy 
factors and drafted detailed descriptions for each factor over the course of 15 months. Note 
that the research team of 24 industry and four academic experts averaged over 25 years of 
industry experience, and represented several industry sectors, such as petrochemical, 
power, water/wastewater, and metals manufacturing.   The industry members held a wide 
array of positions such as president, senior director, director of engineering, senior 
manager, project manager, project engineering manager, consultant engineer, and others.  
Concurrent with the literature review and focus groups meetings, the industry survey was 
sent as described in the following section providing further input to the factor development 
process. 
1. Literature 
Review
2. Focus 
Groups
3. Industry 
Survey
4. FEED 
Accuracy 
Assessment 
Development
5. Data 
Collection 
Workshops
6. Statistical 
Analysis of 
Project 
Performance
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4.3.2 Industry Survey on FEED and FEED Accuracy 
The literature review and focus groups findings created a solid foundation for the 
industry survey that focused on FEED. A multi-part, fifteen-question survey was conducted 
to better understand how organizations define FEED and FEED accuracy, and how 
organizations assess FEED on current projects at the end of detailed scope (Phase Gate 3). 
The survey was distributed electronically to 211 individuals from 130 CII member 
organizations. Eighty (80) survey responses were received from 33 organizations (19 
owners and 14 contractors). As a result of the survey, the author solidified a definition for 
FEED and gained a better understanding of its state of practice in the industry. This 
understanding served as additional input to create the initial draft version of the accuracy 
assessment. 
4.3.3 Accuracy Assessment Development and Data Collection Workshops 
The accuracy assessment factors were based on findings in the literature review 
with the research team developing detailed descriptions of each FEED accuracy factor. 
Once this was completed, industry workshops were used to allow the author to review, test, 
and finalize the FEED accuracy assessment tool. Four geographically dispersed workshops 
were hosted at various locations across the United States and Canada. The four workshops 
were held in Houston, TX, Seal Beach, CA, Cherry Hill, NJ, and Calgary, AB, Canada. 
Overall, 48 industry professionals representing 31 organizations (14 owners and 17 
contractors) attended the four workshops. The workshop participants had a combined 
engineering/project management experience of 962 years, and the average experience per 
participant was 24 years.  During the workshops, the accuracy assessment tool was tested 
on completed projects to verify its usability in a project team setting and its viability as a 
predictor of project performance. Throughout the workshops, participants were asked to 
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offer feedback on the tool in general, the accuracy factor descriptions, and how to improve 
the tool. Participants’ input from every workshop was used to update and modify the draft 
tool to better represent industry terminology and typical risks associated with large 
industrial projects. The updated version of the tool would be used in subsequent workshops, 
and so on. 
4.3.4 Project Performance Analysis 
After collecting the project data and calculating the performance metrics, statistical 
analysis was used to test the significance of any performance differences between projects 
with low and high FEED accuracy scores. The investigated project performance areas 
included cost change, schedule change, change performance, financial performance, 
customer satisfaction. Then, a sensitivity analysis was performed to set the threshold 
between low and high accuracy scores.  
Two types of tests were used for this study. First, the independent sample t-tests 
were used to determine if the means of two groups are statistically different from one 
another when the normality assumption is met for the given samples (Morrison 2009). The 
t-test is used to measure the significance of observed differences between low and high 
accuracy in terms of project performance. Second, the Mann-Whitney-Wilcoxon (MWW) 
test, is similar to the t-test for non-normal distributions; it is referred to as being 
nonparametric. This statistical test is used to assess any significant differences between the 
medians of the two groups (Morrison 2009). For this study, the t-test or MWW test were 
used as appropriate to determine if any observed differences between low and high FEED 
accuracy scores in terms of project performance.  
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4.4 Literature Review 
The first step of the research methodology was performing a thorough review of 
the engineering and construction literature to develop the FEED accuracy factors. The 
literature review consisted of five subsections spanning both the accuracy of engineering 
design as well as other relevant bodies of knowledge that revealed several factors that could 
possibly impact the accuracy of FEED.  
4.4.1 FEP and FEED 
FEP is initiated after the project concept is deemed desirable by the business 
leadership of an organization and continues until the beginning of detailed design of a 
project (Dumont et al. 1997). Gibson and Hamilton (1994) outlined 14 specific activities 
and products of a good FEP. Some of these activities and products include options analysis, 
scope definition and boundaries, life-cycle cost analysis, cost and schedule estimates. 
Furthermore, FEP has many other associated terms, including pre-project planning, front 
end loading (FEL), programming, and schematic design among others. Early decisions in 
project’s lifecycle have a much higher influence on a project’s outcome than decisions 
made in later stages (CII 1994). The significance and value of the FEP process were 
investigated in the early 2000s. The resources required to perform the FEP process 
effectively, and to outline key “rules” to the FEP process (Hamilton and Gibson 1996; 
Gibson and Pappas 2003; CII 2006; Gibson et al. 2006). The researchers found that about 
four percent of the total installed cost was spent on FEP for all projects for their sample. 
This percentage was slightly higher for small projects due to the economies of scale. In 
addition, the research concluded that projects with 20 percent of design effort completed 
at the end of FEP performed better than projects with a lesser amount of design effort 
completed at the end of FEP.  
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 As presented earlier, FEED is a component of FEP. Several studies have mentioned 
FEED. However, there has been little work done to develop a standard definition of FEED, 
define its accuracy factors, and measure its impact. Moreover, FEED is rarely mentioned 
as a stand-alone term and frequently linked to the different processes associated with FEP. 
For instance, in the oil and chemical industries, Merrow (2011) characterized FEED 
specifically in the third phase of FEP, which consists of the work processes needed to 
prepare a project for execution. A report from CII (2013) referred to FEED as “basic 
design.” O’Connor et al. (2013) defined FEED as a phase that involves the completion of 
any work needed to initiate detailed engineering design. Other organizations have 
proprietary FEED definitions (e.g., Chiyoda Corporation 2018; EPC Engineer 2018; Fluor 
2018; Rockwell Automation 2018; Technip 2018). 
Given the existing many different definitions for FEED, the author developed and 
tested an accepted FEED definition for large industrial projects as a basis for understanding 
FEED accuracy in the context of this study (Yussef et al. 2017; El Asmar et al. 2018) as 
presented earlier in this paper. 
4.4.2 FEED Accuracy Literature  
  The literature review revealed that the accuracy of FEED had not been studied in 
the literature. The author identified accuracy-related studies that were conducted over four 
decades, spanning various industries. These were mined by the author for accuracy factors 
that apply to FEED. The author reviewed past work on accuracy of other project 
requirements, such as the accuracy of cost and schedule estimates, as there are established 
criteria for evaluating accuracy for these types of estimates in construction projects such 
as the Association for the Advancement of Cost Engineering International AACE (Bates 
et al. 2013; AACE 2016).  
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4.4.3 Accuracy Factors Related to Cost and Schedule Estimates 
 Investigating literature focused on the accuracy of cost and schedules estimates was 
critical for developing several FEED accuracy factors. The author found a rich supply of 
literature in this area. Cost estimation accuracy depends on the quality and level of detail 
of data available as input  (CII 2003; Chen et al. 2005). Furthermore, the experience level 
of the cost estimator will influence the cost estimate accuracy (Skitmore et al. 1990; 
Oberlender and Trost 2001; Lim et al. 2016). The CII Improving Early Estimates research 
team relayed that the accuracy of early cost estimates is based on the four determinants: 
who, what, how and other factors that needed to be considered when preparing the estimate 
(Oberlender and Trost 2001). Moreover, the accuracy of the construction cost estimate 
increases as the design advances and the project scope becomes more defined (Lim et al. 
2016). Lim et al. relate the choice of estimating method to estimating accuracy and the 
application of these estimating methods also entail adequate historical data, sufficient 
knowledge, and expertise. 
 Studying the accuracy of construction scheduling was also essential for developing 
several FEED accuracy factors. Schedule accuracy is defined as “the number of days that 
the contractor worked on a controlling (critical) activities divided by the total number of 
days worked” (Mattila and Bowman 2004). Schedule accuracy could be affected by the 
inaccurate estimation of activity duration, usually overestimation, and schedule delay 
patterns (Mattila and Bowman 2004; Ostrowski 2006; Batselier and Vanhoucke 2015). The 
duration of construction activities has a direct effect on schedule accuracy as well as the 
calendar time dedicated to developing the estimate (Lan and DeMets 1989; Oberlender and 
Trost 2001; Ostrowski 2006; Rigby and Bilodeau 2015). During the planning phase, the 
lack of necessary information is the most important factor influencing estimate accuracy 
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(Oberlender and Trost 2001). Oberlander and Trost related the accuracy of early cost 
estimates to three areas: (1) people involved in preparing the estimate, (2) process of 
preparing the estimate, and (3) available project information. The author adopted 
Oberlander and Trost’s approach for developing FEED accuracy factors related to the 
people preparing FEED, FEED management process, and resources available for FEED. 
After this approach was chosen by the author, the industry team members recommended 
splitting the people aspect into distinct two accuracy types: project leadership team and 
execution team. This distinction helped in developing FEED accuracy factors that reflect 
the industry’s state of practice as discussed next. The remainder of the literature review is 
organized according to factors related to people, process, and finally resources.   
4.4.4 Accuracy Factors Related to Project Leadership and Execution Teams  
Several factors that affect accuracy outside of the construction cost and schedule 
estimates were also found in the literature; several of these factors dealt with project 
leadership and the project stakeholders themselves. A report from CII (1999) indicated that 
project leadership is a latent construct that cannot be measured directly; however, 
experiential evidence suggests that leadership plays a significant role in the success of the 
project. Project leadership ultimately will be held accountable for project success (CII 
2012). The accuracy of FEED is influenced by the leadership team’s previous experience 
and whether they have executed a project of similar size, scope, and location (Nelson and 
Winter 1982; CII 1999; Lim et al. 2016). Moreover, an important accuracy factor is the 
project leadership team’s attitude can adequately manage change (Gibson and Hamilton 
1994; Piderit 2000). Key personnel turnover can also affect the accuracy of the process 
(Gibson and Hamilton 1994; Woods 2017). In addition, an adequate process for 
coordination between key disciplines must exist (Winograd 1993). 
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Proper stakeholder input provides the leadership team with diverse expertise that 
covers both the technical and management areas of the project and helps to facilitate better 
solutions to the problems faced by the team (Griffith and Gibson 2001). Previous 
experience and repetition play a significant role in both organizational learning and the 
development of systems and abilities in general (Nelson and Winter 1982; Moreland et al. 
1998). Furthermore, key personnel at different levels on the owner side should show their 
commitment throughout the process by effectively communicating its objectives and its 
required deliverables (Pinto 1990; Graetz 2000). Conversely, the organizational values and 
beliefs should align with the development and outcomes of a successful process (Burke 
2014; McLaughlin 2017).  
Several articles focused on the accuracy factors for the project execution team. Wei 
et al. (2005) and Maghrebi et al. (2014) emphasized the importance of the experience, 
technical capability, and relevant training/certification of the execution team for accurate 
results. Additionally, the proximity (co-location) of the execution team members to one 
another can also affect the team’s communication (Heinemann and Zeiss 2002). The 
alignment of the project leadership and execution team can also influence the accuracy of 
FEED. Alignment is defined as the condition where appropriate project participants are 
working within acceptable tolerances to develop and meet a uniformly defined and 
understood set of project objectives (Griffith and Gibson 2001). 
4.4.5 Accuracy Factors Related to Project Management Processes 
Several studies focused on the management processes and their related accuracy 
factors. Two studies highlighted the significance of communication in the management 
processes (Pinto 1990; Griffith and Gibson 2001). Stamps and Nasar (1997) emphasized 
the importance of reviews by appropriate parties. Griffith and Gibson (2001) stressed the 
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importance of recognizing the priority between cost, schedule, and required project 
features. Moreover, it is imperative to document the process to maintain and communicate 
information used in preparing the deliverables (Aguiar 2000; Griffith and Gibson 2001; 
CII 2003).  Additionally, the organization’s commitment to implement an FEP process is 
critical for a successful project (Griffith and Gibson 2001). Furthermore, Dave and Koskela 
(2009) expressed the benefits of the constructability input in the process. It is important 
that the contractor and the designer clearly understand the project objectives (Wang et al. 
2015). Inadequate construction input during the FEP process results in the fragility of plans 
in terms of constructability (Oh et al. 2015). 
4.4.6 Accuracy Factors Related to Project Resources 
This subsection of the literature review reports on several studies that focused on 
project resources and how they could affect accuracy. One of the critical factors of a 
successful process is the availability of key team stakeholders who contribute to the 
preparation of FEED substantively and measurably is Griffith and Gibson 2001).  
Moreover, the amount of time allocated that key personnel is available to spend on FEED 
preparation is also essential (Lan and DeMets 1989; Oberlender and Trost 2001; Saudargas 
and Zanolli 1990; Ostrowski 2006; Jin et al. 2014; Rigby and Bilodeau 2015). Also, the 
quality and level of detail of engineering data available (e.g., as-builts, geotechnical, 
renovation history, site information, etc.) can impact the accuracy of the process (Griffith 
and Gibson 2001; Oberlender and Trost 2001; Chen et al. 2005). It is also essential to have 
an excellent understanding of the available standards and procedures such as design 
standards, standard operating procedures, and guidelines (Griffith and Gibson 2001; CII 
2003; Chen et al. 2005). Conversely, sufficient funding is essential to support the process 
from the start and until the final deliverables are documented and approved (Oberlender 
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and Trost 2001; Griffith and Gibson 2001). The availability of technology/software and 
management tools can also impact the FEED process (Griffith and Gibson 2001; Rigby 
and Bilodeau 2015).  
  Overall, the literature review helped the author identify several gaps in knowledge 
about FEED and identify 37 potential factors that could affect the accuracy of FEED which 
were pared down to 27 by combining some of the factors, and through the workshop 
process as described later.  The accuracy of FEED is not explicitly discussed in the 
literature. Accuracy factors in the literature include issues such as the timing of the 
engineering design effort, experience of project leadership and execution teams, and 
alignment of key project stakeholders; these and others help the author establish a strong 
foundation to develop the FEED accuracy assessment. The detailed steps followed to 
develop the FEED accuracy assessment and accomplish the final research objective are 
discussed next.     
4.5 Developing the FEED Accuracy Assessment 
The literature review resulted in identifying and developing the FEED accuracy 
factors which formed the baseline of the assessment tool. The FEED accuracy assessment 
was developed to help the stakeholders of large industrial projects assess the accuracy of 
FEED deliverables. The accuracy factors are organized under four accuracy types 
evaluating the (1) Project Leadership Team, (2) Project Execution Team, (3) Project 
Management Process, and (4) Project Resources. The accuracy factors are not specifically 
related to any particular engineering element, but instead, represent overall contextual or 
external factors that could affect the team environment in which FEED is developed. 
Initially, the author identified 37 factors from the literature that have the potential to affect 
the accuracy of the FEED deliverables. During the industry workshops, these original 37 
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Figure 31. Initial List of FEED Accuracy TYPES and Factors Identified in the 
Literature 
factors were prioritized and given weights as explained later in this section, and the list of 
the initial 37 accuracy factors are shown in Figure 31. Note that the factors that received 
the lowest weights and were later removed from the final list of accuracy factors are labeled 
“R” in Figure 31.  
 
1. PROJECT LEADERSHIP TEAM 
1.a     Leadership team’s previous experience planning, designing and executing a project of similar size, scope, 
and/or location, including FEED 
1.b     Stakeholders are appropriately represented on the project leadership team 
1.c     Project leadership is defined, effective, and accountable   
1.d     Leadership team and organizational culture fosters trust, honesty, and shared values   
1.e     Project leadership team’s attitude is adaptable to change 
1.f     Key personnel turnover (e.g., how long key personnel stay with the leadership team) 
R       Frequency of project leadership team meetings 
R       History of the leadership team working together 
 
2. PROJECT EXCUTION TEAM  
2.a     Technical capability and relevant training/certification of the execution team 
2.b     Contractor/Engineer’s team experience with the location, with similar projects, and with the FEED process 
2.c     Stakeholders are appropriately represented on the project execution team 
2.d     Level of involvement of design leads or managers in the engineering process 
2.e      Key personnel turnover including the stability/commitment of key personnel on the owner side through the 
FEED process 
2.f      Co-location of execution team members 
2.g     Team culture or history of the execution team working together 
R        Project execution team’s attitude is adaptable to change 
 
3. PROJECT MANAGEMENT PROCESS  
3.a     Communication within the team is open and effective; a communication plan with stakeholders is identified 
3.b     Priority between cost, schedule, and required project features is clear 
3.c      Organization implements and follows a front end planning process (e.g., phase gates, clear requirements) 
and a formal structure or process to prepare FEED 
3.d      Significant input of construction knowledge into the FEED process 
3.e      Adequate process for coordination between key disciplines 
3.f      Alignment of FEED process with available project information, including the existence of peer reviews and a 
standard procedure for updating FEED 
3.g     Documentation of information used in preparing FEED 
3.h     Review and acceptance of FEED by appropriate parties 
R       Team meetings are timely and productive 
R       Reward and recognition system promotes meeting project objectives 
R       Teamwork and team building are effective 
 
4. PROJECT RESOURCES 
4.a      Commitment of key personnel on the project team 
4.b      Calendar time allowed for preparing FEED 
4.c      Quality and level of detailed of engineering data available 
4.d      Amount of funding allocated to perform FEED 
4.e      Local knowledge (e.g., institutional memory, understanding of laws and regulations, understanding of site 
history) 
R        Availability of standards and procedures (e.g., design standards, standard operating procedures, and 
guidelines) 
R        Management tools available including technology/software 
R        Availability of key vendors/subcontractors to work on FEED 
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While the accuracy factors were being identified in the literature, the author and 
research team were also developing a clear description for each factor. The author 
developed a draft description for each factor based on the accuracy literature. Then, the 
research team divided up into four focus groups that each reviewed factor descriptions for 
one of the four accuracy types. Two examples of accuracy factor descriptions are shown in 
Table 9.    
Table 9. Example Accuracy Factor Descriptions 
Factor Project Leadership Team Accuracy 
Factors 
Description 
1a. 
Leadership team’s previous experience 
planning, designing and executing a 
project of similar size, scope, and/or 
location, including FEED. 
Previous experience increases the familiarity of 
the leadership team with the project planning, 
design, and execution processes. Repetition 
plays a major role in both organizational 
learning (lessons learned) and in the creation of 
routines and capabilities in general. 
1b. 
Stakeholders are appropriately 
represented on the project leadership team 
(e.g., sponsor, marketing, project 
management, operations and 
maintenance) and have a clear 
understanding of the project scope. 
Proper stakeholder input provides the 
leadership team with diverse expertise that 
covers both the technical and management 
areas of the project. This diverse expertise 
facilitates better solutions and sound judgments 
to the problems faced by the team. 
 
Some of the 37 identified accuracy factors may have a higher effect than others on 
the overall accuracy level of the FEED deliverables, and in turn, on project success. 
Therefore, the author devised a method to prioritize and assign relative weights to these 
factors, building on the work of Sullivan et al. (2018). The author relied on the expertise 
of a broad range of construction industry experts through a series of workshops. The results 
of these workshops were used to calculate the weights for the factors and to develop the 
final version of the accuracy score sheet by normalizing the scores on a zero to 100 scale 
(the higher the score, the more accurate the FEED). A detailed description of the factor 
weighting process is described next.  
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4.5.1 Accuracy Factors Weighting  
During four industry-sponsored workshops, 48 participants were asked to rank 
order the top five accuracy factors in each accuracy type. Additionally, the participants 
were asked to prioritize each accuracy type by allocating percentage values that represented 
the relative importance of each accuracy type to the accuracy of FEED (the sum of 
percentages of all four types is 100 percent). For each workshop, the initial list of 37 
accuracy factors was presented to the participants, broken down into the four accuracy 
types. Each participant first rank-ordered the top five accuracy factors within each type 
individually. The workshop participants were then split into groups of four to five 
individuals and asked to repeat the rank ordering exercise and come to a group consensus 
on the top five factors and the percentage weight of each accuracy type. 
Consensus group rankings were then put into an Excel spreadsheet, and each rank 
was translated to a score as shown in Table 10. Accuracy factors ranked first received a 
score of 5, factors ranked second received a score of 4, third received a score of 3, fourth 
received a score of 2, and factors ranked fifth received a score of 1. Scores were then 
aggregated across the four workshops, and a total score for each accuracy factor was 
generated as indicated in the “Total Score” column. Subsequently, a final rank was 
calculated for each accuracy factor, and the couple of lowest ranking factors in each type 
were removed to generate the final list of 27 factors. For example, from Table 10, 
“frequency of project leadership team meetings” and “history of the leadership team 
working together” received the lowest scores and were removed from the list of accuracy 
factors (labeled “R”). The same process was followed for the other three FEED accuracy 
types. Additionally, percentage allocations for each accuracy type were aggregated across 
the four workshops, and an average percentage score for each accuracy type was calculated. 
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Participants also provided comments to update and modify the draft tool to better represent 
industry terminology and typical risks associated with large industrial projects. The 
updated version of the tool would be used in subsequent workshops, and so on. 
The author used the following formula to calculate the weights of the accuracy 
factors:  
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦	𝐹𝑎𝑐𝑡𝑜𝑟	𝑊𝑒𝑖𝑔ℎ𝑡 = 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦	𝐹𝑎𝑐𝑡𝑜𝑟	𝑇𝑜𝑡𝑎𝑙	𝑆𝑐𝑜𝑟𝑒 ∗ 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦	𝑇𝑦𝑝𝑒	𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒∑𝑇𝑜𝑡𝑎𝑙	𝑆𝑐𝑜𝑟𝑒𝑠	𝑝𝑒𝑟	𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦	𝑇𝑦𝑝𝑒  
 
The accuracy factor total score is the total score from the group ranking exercise. 
For example, from Table 10, factor 1a has a total score of 52. The accuracy type percentage 
is the average percentage from allocating percentage values to each accuracy type across 
the four workshops. For example, from all the workshops, the accuracy type percentage for 
the project leadership team is 25.36 percent. The sum of total scores per accuracy type is 
the sum of the “Total Score” column. For example, for the project leadership team, the sum 
of all group scores (after removing the lowest ranking factors) is 207. The factor weight 
for accuracy factor 1a is then calculated as follows: 
𝑓𝑎𝑐𝑡𝑜𝑟	1𝑎	𝑤𝑒𝑖𝑔ℎ𝑡 = 52 ∗ 25.36207 = 6.37 
The rest of the calculated weights for all of the final 27 FEED accuracy factors are 
shown in Table 11. The table also showcases the original sources that contributed to the 
development of the FEED accuracy factors along with the calculated weight for each 
factor. Each of the used sources was briefly discussed in the literature review section.  
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Table 10. Accuracy Group Ranking Results for Type 1: Project Leadership Team 
Number Project Leadership Accuracy Factor 
Consensus Group Rankings Total 
Score 
Final 
Rank 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1a 
Leadership team’s previous experience 
planning, designing, and executing a project 
of similar size, scope, and/or location, including 
FEED 
4 3 2 1 1  3 2 1 1 1 1 5 1 52 1 
1b Stakeholders are appropriately represented on the project leadership team 2 1 3 2 2 1 2 1 2 5 3 2 4 4 50 2 
1c Project leadership is defined, effective, and accountable 1  1 3 3 2 1 5 5 4 2  1 3 41 3 
1d Leadership team and organizational culture fosters trust, honesty, and shared values 3 2 4 4 4 3 4 4 3 3 4 4 3 2 37 4 
1e Project leadership team’s attitude is able to adequately manage change  4  5  4 5 3  2 5   5 15 5 
1f Key personnel turn over (e.g., how long key personnel stay with the leadership team) 5 5 5  5 5   4   5 2  12 6 
R Frequency of project leadership team meetings            3   3 7 
R History of the leadership team working together                0 8 
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Table 11. Final List of FEED Accuracy Types, Factors, Weights, and Original Sources 
 
 
The normalized factor weight of each factor was then distributed among the five 
possible ratings. These scores are then rounded to a whole number; numbers over 0.51 are 
rounded up, and numbers below 0.50 are rounded down. Table 12 showcases an example 
of the possible ratings and the rounding process for factor 1a. These steps were repeated 
for each of the top 27 accuracy factors to calculate their final weights. 
 
 
Accuracy 
Types FEED Accuracy Factors
Factors 
Weights Original Sources
1. Project 
Leadership 
Team
a. Previous experience planning, designing and executing a project of similar size and scope. 6.37 Nelson and Winter (1982); Lim et al. (2016) 
b. Stakeholders are appropriately represented on the project leadership team. 6.13 CII (1999); Griffith and Gibson (2001) 
c. Project leadership is defined, effective, and accountable. 5.02 CII (1999); Griffith and Gibson (2001); Oberlender and Trost (2001) 
d. Leadership team and organizational culture fosters trust, honesty, and shared values. 4.53 Griffith and Gibson (2001); Burke (2014); McLaughlin (2017)
e. Project leadership team’s attitude is able to adequately manage change. 1.84 Gibson and Hamilton (1994); Piderit (2000)
f. Key personnel turnover, e.g., how long key personnel stay with the leadership team. 1.47 Gibson and Hamilton (1994); Woods (2017)
2. Project 
Execution 
Team
a. Technical capability and relevant training/certification of the execution team. 6.53 Wei et al. (2005)
b. Contractor/Engineer’s team experience with the location, similar projects, and FEED. 6.24 Nelson and Winter (1982); Skitmore et al. (1990); CII (2003) 
c. Stakeholders are appropriately represented on the project execution team. 5.23 Oberlender and Trost (2001)
d. Level of involvement of design leads or managers in the engineering process. 3.19 Griffith and Gibson (2001); Wei et al. (2005)
e. Key personnel turnover including the stability/commitment of key personnel. 2.90 Gibson and Hamilton (1994); Graetz (2000)
f. Co-location of execution team members to one another. 1.89 Heinemann and Zeiss (2002)
g. Team culture or history of the execution team working together. 1.02 Moreland et al. (1998); Oberlender and Trost(2001)
3. Project 
Management 
Process
a. Communication within the team is open and effective; a communication plan is identified. 4.64 Pinto (1990); Griffith and Gibson (2001) 
b. Priority between cost, schedule, and required project features is clear. 4.14 Griffith and Gibson (2001) 
c. Organization implements and follows a front end planning process. 3.84 Griffith and Gibson (2001) 
d. Significant input of construction knowledge into the FEED process. 2.52 Dave and Koskela (2009)
e. Adequate process for coordination between key disciplines. 2.12 Winograd (1993) 
f. Alignment of FEED process with available project information. 1.72 Griffith and Gibson (2001); Oberlender and Trost (2001)
g. Documentation used in preparing FEED 1.11 Aguiar (2000); Griffith and Gibson (2001); CII (2003)
h. Review and acceptance of FEED by appropriate parties. 0.91 Stamps and Nasar (1997)
4. Project 
Resources
a. Commitment of key personnel on the project team. 5.91 Saudargas and Zanolli (1990); Griffith and Gibson (2001)
b. Calendar time allowed for preparing FEED. 4.97
Lan and DeMets (1989); Oberlender and Trost
(2001); Ostrowski (2006); Rigby and Bilodeau 
(2015)
c. Quality of and level of engineering data available. 4.43 Oberlender and Trost (2001); Chen et al. (2005)
d. Amount of funding allocated to perform FEED. 4.16 Griffith and Gibson (2001); Oberlender and Trost (2001)
e. Local knowledge. 4.03 Oberlender and Trost (2001)
f. Availability of standards and procedures. 3.49 Griffith and Gibson (2001); Heinemann and Zeiss (2002)
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Table 12. Example of the Normalized Weight Calculation (Factor 1a) 
Possible Ratings Percentage of the Normalized 
Factor Weight 
Normalized Factor 
Weight 
High Performing 100% 6.37 rounded to 6 
Meets Most 75% 4.78 rounded to 5 
Meets Some 50% 3.19 rounded to 3 
Needs Improvement 25% 1.59 rounded to 2 
Not Acceptable 0% 0.00 stays at 0 
4.5.2 Final FEED Accuracy Score Sheet 
 
The resulting 27 accuracy factors and their weights are arranged in a score sheet 
format and are supported by detailed descriptions and checklists. An excerpt of the 
checklist can be seen in Table 13, which shows the factors that make up the Project 
Leadership Team, one of the four types of the accuracy component. The complete FEED 
accuracy assessment along with the entire factors score sheets can be found in El Asmar et 
al. (2018).  
Table 13. Excerpt from the Accuracy Factors Score Sheet for Type 1: Project 
Leadership Team 
 
 
To describe how the final FEED accuracy score is calculated, an example based on 
a real project is described next. The workshop participant scored each FEED accuracy 
factor using the possible ratings provided in the score sheet. For this project, the leadership 
team’s previous experience met most (5) of the requirements, the stakeholder’s 
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representation met some (3) of the requirements, the definition of project leadership met 
most (4) of the requirements.  Subsequently, the leadership team and organizational culture 
was High Performing (5), the attitude towards change needed improvement (0), and the 
key personnel turnover met most (1) of the requirements.  Therefore, the resultant score for 
Type 1 in this project was 18 out of 25. The participant completed the assessment for the 
other three FEED accuracy types which received the following scores:  Type 2 (23), Type 
3 (19), and Type 4 (22). Thus, the FEED accuracy score for this particular project was the 
total for all FEED accuracy types scores 82 out of 100. The author received FEED accuracy 
scores for all 33 completed projects.  
The last step in the FEED accuracy tool development was testing the tool on in-
progress projects to determine the efficacy of the tool during an active FEED development. 
The tool was used on 11 projects stemming from eight organizations and worth over $5 
billion. In each case, the assessment gave project teams a method to evaluate FEED 
accuracy on their projects. After the assessment, the project teams provided feedback to 
the author which helped improve the assessment. The impact of FEED accuracy on project 
performance is discussed next.   
4.6 The Impact of FEED Accuracy on Project Performance 
The second research objective was to investigate the impact of FEED accuracy on 
project performance in terms of cost change, schedule change, change order performance, 
financial performance and customer satisfaction matching expectations. The author used 
several statistical methods to analyze the data collected from the workshops. Microsoft 
Excel™ and SPSS™ were the two primary software platforms used to aggregate and 
analyze the data. Every effort was made to keep confidential any proprietary information 
collected from respondents that provided data to support the research effort. Responses 
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were coded during the analysis as to make anonymous all individual, organization, project, 
or client names or indicators. Detailed information about the data characteristics and the 
collected sample of projects is provided next.  
4.6.1 Data Characteristics 
Data from 33 completed projects were received and used in the data sample for this 
research. These projects represented a total cost of USD 8.83 billion, ranging from USD 
$7.05 to $1,939 million, and from 240 to 2,340 schedule days, and covered an array of 
industrial project facility types. The projects include chemical plants, refineries, pipeline 
projects, pharmaceutical manufacturing facilities, oil and gas projects, remediation 
facilities, terminal operations facilities, food manufacturing plants, power plants, corporate 
museum renovations, process plants, compression stations, and heavy industrial processing 
facilities. The projects were constructed in the U.S, Canada, and Brazil and included both 
newly constructed as well as renovation and revamp facilities. The author calculated FEED 
accuracy scores for each completed project based on the levels of definition of FEED 
accuracy noted in each completed project questionnaire. The FEED accuracy scores of 
these projects ranged from 24 to 97 out of 100.  
 The descriptive statistics for the projects used in the analysis are presented in Table 
14. The descriptive statistics show the data for total installed cost, total project duration, 
financial performance scores, customer satisfaction scores, budgeted owner contingency, 
and FEED accuracy score. Next, descriptive statistics for the project performance metrics 
of cost change, schedule change, change performance, the absolute dollar value of change 
orders, and financial performance, and customer satisfaction are shown.  
For this study, the author investigated the nature of the outliers and made sure that 
they were all valid data points and were not due to incorrectly entered or measured data 
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(Morrison 2009). Thus, following an approach considered by a previous PDRI 
development, the author decided to keep the outliers and extremes that are still valid data 
points (Morrison 2009). It should be noted that one project used in the testing was below 
the $10 million cost threshold for large industrial projects developed by the research team. 
The author kept this project in the testing because the project team felt that their project 
was complex and met the remaining criteria, despite being slightly below $10 million. 
Table 14. Descriptive Statistics (N=33) 
 Avg. Median Std. Dev. Min Max 
Total Installed Cost ($M)  267.86 108.40 451.07 7.05 1,939.00 
Total Project Duration (Days)  933.48 780.00 466.65 240.00 2,340.00 
Budgeted Owner Contingency ($M) 17.38 10.00 23.89 0.00 102.00 
FEED Accuracy Score (1-100) 70.00 72.00 13.88 24.00 97.00 
Project Performance Metrics       
Cost Change (%)  9.17 5.90 18.44 -27.27 53.45 
Schedule Change (%)  13.40 11.61 18.53 -20.00 68.75 
Change Performance (%)  9.51 5.45 14.72 0.00 80.00 
Absolute Value of Change Orders ($M)  25.40 5.75 73.39 0.00 415.00 
Financial Performance (1-5 scale)  3.19 3.00 1.12 1.00 5.00 
Customer Satisfaction (1-5 scale) 3.96 4.00 0.99 1.00 5.00 
 
4.6.2 Setting the FEED Accuracy Threshold 
The author sought to determine what a “good” FEED accuracy score would be, 
where “good” meant exceeding a score threshold (i.e., the level of FEED accuracy) that a 
project team should achieve before moving forward to detailed design. In order to establish 
a threshold value for the FEED accuracy score, which was later used in the t-tests and 
MWW tests, a step-wise sensitivity analysis was performed. The step-wise sensitivity 
analysis was performed by ordering the accuracy scores from lowest to highest, and 
successively comparing cost change data starting with the lowest accuracy score and 
stepping up to the very next accuracy score. This step-wise process generates a p-value for 
each successive cost change comparison. The p-values are then plotted vs. the accuracy 
score to establish a threshold value for the FEED accuracy assessment. The output of the 
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step-wise sensitivity analysis is shown in Figure 32. The lowest p-value of 0.0016 
corresponded to a FEED accuracy score of 76. Thus, the FEED accuracy threshold was set 
at 76 to separate between projects with high and low FEED accuracy.    
 
Figure 32. Step-wise Sensitivity Analysis Results based on Cost Change 
4.6.3 Cost Change 
To measure the impact of FEED accuracy on project performance, the first metric 
that the author used was cost change. First, the cost change percentage was calculated for 
every project in the dataset as follows:  
Cost	change	(%) = 	 actual	total	installed	cost	($) − 	budgeted	total	installed	cost	($)budgeted	total	installed	cost	($) ∗ 100 
 
Figure 33 shows the boxplot of cost change versus FEED accuracy. As shown in 
the boxplot, the mean and median of cost change values for low FEED accuracy projects 
(15% and 11% respectively) are greater than the mean and median of high FEED accuracy 
projects  (-5% and -7% respectively). Statistical analysis was conducted to check whether 
these observed differences are significant.   
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Figure 33. Cost Change (%) versus FEED Accuracy 
The first step in the statistical testing was performing a Shapiro-Wilk normality 
test for the cost change dataset. The p-value found for the test is 0.219. Since the p-value 
is greater than 0.05, the dataset can be assumed to be normally distributed. Therefore, the 
t-test will be appropriate to use.  
Subsequently, the t-test was performed to determine if statistical differences exist 
between the cost change of projects with high FEED accuracy versus projects that with low 
FEED accuracy. The resultant p-value of 0.006 (less than 0.05) indicates that the observed 
difference in means between the two groups is statically significant.    
Overall, this analysis seems to suggest that, for this sample, FEED accuracy impacts 
cost certainty.  Projects with high FEED accuracy are significantly more likely to achieve 
their budget goals. The analysis showed that for this sample, the differences in cost change 
are on the order of almost 20 percent, and that these differences are statistically significant.  
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4.6.4 Schedule Change 
The next metric tested was schedule change.  The author calculated the schedule 
change percentage for every project in the dataset as follows: 
Schedule	change	(%) = 	 actual	total	duration	(days) − 	planned	total	duration	(days)planned	total	duration	(days) ∗ 100 
 
A boxplot of schedule change versus FEED accuracy is shown in Figure 34. The 
mean and median values of schedule change for projects with low FEED accuracy scores 
(16% and 15% respectively) are greater than the mean and median of high FEED accuracy 
projects (6%). A statistical analysis is conducted to check whether these observed 
differences are significant.  
 
Figure 34. Schedule Change (%) versus FEED Accuracy 
Next, the schedule change dataset was tested for normality. The p-value for the 
Shapiro-Wilk normality test is less than 0.05. Thus, the dataset is not normally distributed, 
and the MWW test is used next. The MWW test does not show the differences between the 
two groups to be statistically significant (p= 0.183). Therefore, it can be concluded that the 
level of FEED accuracy is not significantly impacting schedule change for this sample of 
projects.  
(n=23) (n=9)
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From Figure 34, it is observed that the variance and range of schedule change for 
projects with low FEED accuracy, 430 and 89 respectively, are larger than the variance 
and range for projects with high FEED accuracy, 70 and 21 respectively. Low FEED 
accuracy projects recorded schedule change percentages that are very spread out from the 
mean (15%), and from one another. However, high FEED accuracy project recorded 
schedule change percentages that are close to the mean (6%), and to each other. Thus, the 
author performed a Levene’s test for equality of variance which is used to determine if two 
groups have equal variance (Morrison 2009). The test indicated that the difference in 
variances is not statistically significant (p-value =0.131). 
The analysis revealed that schedule performance is troublesome for large industrial 
projects across the board. The author and research team had several in-depth discussions 
as to why this is the case. One possibility, evidenced by the more than twenty research 
team members’ experiences, is that project teams are seldom given enough time to 
complete projects readily, and that schedule estimates are often too aggressive. It should 
be noted that this hypothesis is based on experiential evidence from the industry team 
members and has not been statistically tested. 
4.6.5 Change Performance 
Next, the author investigated the influence of FEED accuracy on change 
performance.  The change performance percentage is calculated for every project in the 
dataset as follows:  
Change	performance	(%) = 	 total	value	of	positive	change	orders	($) + |total	value	of	negative	change	orders|($)actual	total	intalled	cost	($) ∗ 100 
 
Figure 35 displays the boxplot of change performance versus FEED accuracy. It is 
apparent from the boxplot that projects with high FEED accuracy resulted in lower change 
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percentages. The mean and median of change performance values for projects with low 
FEED accuracy scores (12% and 6.5% respectively) are greater than the mean and median 
of projects with high FEED accuracy (3% and 2% respectively). Next, the author test 
whether these observed differences are statistically significant. 
 
Figure 35. Change Performance (%) versus FEED Accuracy 
The Shapiro-Wilk normality test on the change performance dataset indicated that 
it is not normally distributed. Therefore, the MWW test will be appropriate to use. The test 
results show that the observed median differences are statistically significant (p=0.007). 
Thus, it can be concluded that for this sample, project owners can significantly decrease 
change orders by ensuring their projects have high FEED accuracy. The analysis led to the 
conclusion that, for this sample, the differences in change performance are on the order of 
10 percent, and the differences are statistically significant.  
4.6.6 Project Financial Performance and Customer Satisfaction 
The last two metrics tested against FEED accuracy are financial performance and 
customer satisfaction matching expectations for the completed projects. Most workshops 
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participants who submitted completed project data noted in their questionnaires the 
project’s financial performance and customer satisfaction, each on a Likert scale of one to 
five. For financial performance, a score of one equated to the project falling far short of 
expectations set at the end of FEP, and a score of five equated to the project far exceeding 
expectations. For customer satisfaction, a score of one equated to the overall success of the 
project being very unsuccessful, and a score of five equated to the overall success of the 
project being very successful. The normality test is not needed for the financial 
performance and customer satisfaction datasets; these two datasets follow a discrete 
(ordinal) distribution only containing the numbers 1, 2, 3, 4, or 5. Therefore, by definition, 
the dataset cannot be normally distributed since it is not continuous. 
Figure 36 shows the boxplots of financial performance and customer satisfaction 
ratings for projects with low and high FEED accuracy. Projects with high FEED accuracy 
scores had better observed mean and median financial performance and customer 
satisfaction scores than projects with low FEED accuracy, as shown in Figure 36.  
The MWW test was performed to determine if statistical differences existed 
between the medians of high and low FEED accuracy. The test for financial performance 
does not show a statistically significant difference between the two groups (p-value is 
0.207, or larger than 0.05). In addition, the test for customer satisfaction did not show a 
statistically significant difference between the two groups (p-value is 0.065, or larger than 
0.05). The takeaway from this series of analyses is, for this sample, FEED accuracy did not 
statistically impact the financial performance and customer satisfaction matching 
expectations.   
 
  121 
 
 
Figure 36. Financial Performance and Customer Satisfaction Rating versus FEED 
Accuracy 
The project performance analysis led to several findings. Table 15 summarizes the 
key findings from the statistical analysis and reports the key values for cost change, 
schedule change, change orders, financial performance, and customer satisfaction results. 
Note that in the instances where the t-test was used, the table shows the mean values 
associated with the FEED accuracy levels; whereas, the medians are presented in the cases 
where the MWW test was used.    
Table 15. Summary of Project Performance Metrics 
Performance Low FEED Accuracy High FEED Accuracy Δ p-value 
Cost Change 15% above budget (n = 24) 
5% below budget 
(n = 9) 20% 0.006* 
Schedule Change 16% behind schedule (n = 23) 
6% behind schedule 
(n = 9)  10% 0.183 
Change Orders 12% of budget (n = 22) 
3% of budget 
(n = 9) 9% 0.007* 
Financial Performance  3.00 (n = 22) 
4.00 
(n = 9) 1.00 0.207 
Customer Satisfaction 3.50 (n = 22) 
5.00 
(n = 9) 1.50 0.065 
*significant at p<0.05 
 
4.7 Conclusions 
This research studies FEED accuracy and its impact on large industrial project 
performance in terms of cost change, schedule change, change performance, financial 
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performance and customer satisfaction matching expectations. The study started with a 
literature review that emphasized the value of employing FEP and the lack of a method to 
measure FEED accuracy. The accuracy of FEED was rarely discussed in the literature. 
Therefore, the contributions of this work to the body of knowledge include (1) developing 
an objective and scalable method to measure FEED accuracy, and (2) quantifying that 
projects with high FEED accuracy outperformed projects with low FEED accuracy in terms 
of cost change and change orders performance in relation to the approved budget.  
This research presents an efficient framework to assess FEED accuracy during FEP 
for industrial projects. The assessment helps in identifying, defining, quantifying, and 
communicating, the accuracy of key engineering deliverables of FEED. It also allows for 
evaluating the enabling factors that drive effective engineering design during FEED (i.e., 
capability of the engineers, turnover of key design team members, time allowed for FEED, 
etc.). The FEED accuracy assessment was tested and proven to ensure broad applicability 
to the industry. Different levels of FEED accuracy at the end of FEED were measured 
along with the corresponding project performance for a sample of completed industrial 
projects collected through four workshops. 
FEED accuracy and its impact on project performance were investigated through a 
series of four industry-sponsored workshops with engineering professionals experienced 
in completing large industrial projects. Specific project data regarding (1) FEED 
development effort along with cost and schedule budgets at the beginning of detailed 
design, and (2) project cost, schedule, changes, financial performance, and customer 
satisfaction at the completion of the projects were collected and analyzed. FEED accuracy 
was tested on 33 completed projects with an overall expenditure of over US $8.83 billion. 
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FEED accuracy scores were calculated for each project and compared to the project 
performance data through univariate statistical analysis.   
The study concluded several key quantitative findings. First, for this sample, 
projects exhibiting high FEED accuracy outperformed projects exhibiting low accuracy by 
almost 20 percent in terms of cost change, and 10 percent in terms of change order 
performance. Thus, FEED accuracy plays an important role in the success of industrial 
projects and add much clarity to the process.  These results demonstrate the ability of the 
FEED accuracy assessment to highlight the risk factors most important to address during 
the FEED development of an industrial project, and the negative impacts to project 
performance if they are not adequately addressed. The results also show that the developed 
assessment of 27 factors is a credible metric to gauge FEED accuracy. 
The author and research team made every effort to collect data from a diverse group 
of individuals and organizations spanning three countries; however, due to the sample size, 
these projects may not be representative of the entire population of projects globally. 
Furthermore, the research described in this paper was focused on the industrial construction 
sector and may or may not be appropriate for other industry sectors. However, the methods 
that have been outlined can be used to develop tools for other industry sectors.  
An area of future work would be finding means to encourage industry to implement 
current research findings. FEP research results over the past three decades, including the 
existing PDRI and this new FEED accuracy assessment, have identified what it takes to 
maximize the probability of a project being successful. The data analyzed in this study 
prove this fact. However, even though this knowledge exists, many organizations are not 
fully making use of it. Implementation of known research findings remains a challenge in 
our industry and is arguably what is needed for the industry to take its next big leap. 
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5. THE PROJECT PERFORMANCE IMPACT OF FEED MATURITY AND 
ACCURACY: A TWO-DIMENSIONAL ASSESMENT  
 
5.1 Abstract 
Assessing Front end planning (FEP) is the process of developing sufficient strategic 
information with which owners can address risk and decide to commit resources to 
maximize the chance for a successful project. As a critical component of FEP, front end 
engineering design (FEED) plays a vital role in the overall success of large industrial 
projects. The primary objective of this paper focuses on FEED maturity and accuracy and 
its impact on project performance in terms of cost change, schedule change, change 
performance, financial performance, and customer satisfaction. The performance results 
are based on input from 128 individuals in 57 organizations and a data sample of 33 
recently completed large industrial projects representing over $8.83 billion of total installed 
cost. A scientific research methodology was employed in this research that included a 
literature review, focus groups, an industry survey, data collection workshops, and 
statistical analysis of project performance. The two contributions of this work include (1) 
developing an objective and effective two-dimensional method to measure FEED maturity 
and accuracy and (2) discovering that high FEED maturity and accuracy projects 
outperform projects with low FEED maturity and accuracy by 24 percent in terms of cost 
growth in relation to the approved budget.  
5.2 Introduction and Background 
Planning efforts conducted during the early stages of a construction project, known 
as front end planning (FEP), have a large impact on project success and significant 
influence on the configuration of the final project (Gibson et al. 1995). Based on research 
conducted by the Construction Industry Institute (CII) over more than 25 years, FEP is 
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considered the most important process within the project lifecycle (CII 2006).  FEP is a 
key element in setting the stage for project success because it helps project participants 
more efficiently mitigate risk and define project objectives in the preplanning phase 
(Sindhu et al. 2018). Moreover, several studies have proved the impact of planning on 
project performance (e.g., Dumont et al. 1997, Cho and Gibson 2000, Walker and Shen 
2002, Islam and Faniran 2005, González et al. 2008, Menches et al. 2008, González et al. 
2010, Kim et al. 2013, Kim et al. 2014, Wu and Issa 2014, Bingham and Gibson 2016, 
Hastak and Koo 2016, Collins et al. 2017, Javanmardi et al. 2017, ElZomor et al. 2018, 
Yussef et al. 2019a). 
The scope of this FEED research focuses on large industrial projects, which, based 
on the findings of Collins et al. (2017), are projects with the following characteristics: (1) 
projects completed within industrial facilities such as oil/gas production facilities, 
refineries, chemical plants, pharmaceutical plants, etc.; (2) with a total installed cost greater 
than  $10 million; (3) a construction duration greater than nine months; and (4) more than 
ten core team members (e.g., project managers, project engineers, owner representatives).  
The typical steps involved in the FEP process are shown in Figure 37 (Gibson et al. 
2006). Note that the three sub-phases of FEP allow the planning team to progressively 
define the scope of the project in more and more detail in order to form a sound basis for 
detailed design.  The phase gates are simply points in the process where the efficacy of the 
previous phase is such that the project can move forward. Front end engineering design 
(FEED) is typically performed at the detailed scope phase of FEP for industrial projects. 
Phase Gate 3 refers to the decision point at the end of FEP in which the project moves into 
detailed design. At this critical phase, project owners expect to be able to make informed 
decisions, including cost and schedule predictions to determine whether the project should 
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proceed to the next phase, the level of contingency needed for the project, and the predicted 
impact of FEED maturity and accuracy on the success of follow-up phases.  
 
Figure 37. Front End Planning (FEP) Process 
 While addressing FEP of projects in general, past research efforts have not 
explicitly focused on measuring the maturity and accuracy of the engineering design 
component of FEED for large industrial projects. An overarching goal of this paper is to 
address the confusion around the quality and completeness of the desired engineering 
deliverables at the end of FEP while providing more guidance to improve consistency in 
the outcomes regardless of who is conducting the project evaluation. The industrial project 
sector could greatly benefit from a user-friendly, non-proprietary framework to assist in 
assessing the maturity and accuracy of FEED to maximize the predictability of project 
success for large industrial projects.  
 Therefore, the objectives of this research investigation are to  (1) develop an 
effective two-dimensional framework to evaluate FEED maturity and accuracy for 
industrial projects; and (2) quantify the impact of their FEED maturity and accuracy on 
project performance. As a result, this paper provides the missing link for the industrial 
construction sector by developing the FEED Maturity and Accuracy Total Rating System 
(MATRS) to maximize the predictability of project success.  
 A research team was formed to address this topic, made up of 24 industry experts 
representing ten owners and 11 contractors, in addition to four academics. The research 
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team members had an average industry experience of more than 25 years and represented 
several industry sectors, such as petrochemical, power, water and wastewater, and metals 
manufacturing.  The industry members have held a wide array of positions including 
president, senior director, director of engineering, senior manager, project manager, project 
engineering manager, consultant engineer, and others. 
 To provide context to the study, developing definitions for key terminologies was 
a main focus of the author and research team early in the research effort. The definitions 
and FEED maturity elements and accuracy factors were refined through research team 
focus groups, in addition to input from an industry survey by Yussef et al. (2019c). Based 
on this collective knowledge, the author and research team developed the following 
standardized definitions. 
FEED is defined as “a component of the FEP process performed during detailed 
scope (Phase 3), consisting of the engineering documents, outputs, and deliverables for the 
chosen scope of work. In addition to FEED, the project definition package (also known as 
the FEED package) typically includes non-engineering deliverables such as a cost estimate, 
a schedule, a procurement strategy, a project execution plan, and a risk management plan” 
(Yussef et al. 2019c). Figure 38 illustrates the FEED definition and its relationship to the 
various other deliverables that are associated with the project definition package. In 
essence, FEED informs the other deliverables and vice versa.  The list of deliverables in 
Figure 38 is not meant to be an exhaustive list. 
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Figure 38. The Project Definition Package 
FEED maturity is defined as “the degree of completeness of the deliverables to 
serve as the basis for detailed design at the end of detailed scope (Phase Gate 3)” (Yussef 
et al. 2019c). Lastly, FEED accuracy is defined as “the degree of confidence in the 
measured level of maturity of FEED deliverables to serve as a basis of decision at the end 
of detailed scope (Phase Gate 3)” (Yussef et al. 2019c). In essence, the author’s  hypothesis 
is that the environment and systems in which project teams work toward developing FEED 
impact their ability to produce engineering deliverables that can meet the project 
requirements.  
5.3 Research Method 
This study followed a scientific and comprehensive research method that included 
seven main steps, illustrated in Figure 39. First, an extensive literature review was 
conducted to define FEED and identify FEED maturity elements and accuracy factors. 
Second, several focus groups were held to help frame the research effort. Third, based on 
input from the focus groups, the author developed an industry survey to gauge the industrial 
construction sector’s perceptions of FEED as well as the state of practice to assess FEED 
maturity and accuracy. The survey results were analyzed with the research team to finalize 
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the definitions and develop an assessment mechanism (that served as a foundation for the 
Front End Engineering Design (FEED) Maturity and Accuracy Total Rating System 
(MATRS). Fourth, the author with input from the research team developed the initial 
version of FEED MATRS based on the findings thus far. Fifth, four industry-sponsored 
workshops were held to collect FEED maturity and accuracy data and project performance 
data. Sixth, the author performed numerous statistical analyses to test the impact of FEED 
maturity and accuracy on project performance. The final step in the research consisted of 
testing FEED MATRS on in-progress projects to confirm the validity and test the efficacy 
of the new tool, while also discerning when and how the tool can be applied in the FEP 
process. 
 
Figure 39. Research Method 
5.3.1 Literature Review and Focus Groups  
The first step of the research method is the literature review, which started with 
identifying FEED definitions and typical engineering design issues associated with design 
maturity and accuracy for large industrial projects. The literature review was conducted by 
searching library databases including the American Society of Civil Engineers (ASCE), 
Association for the Advancement of Cost Engineering International (AACE), CII, Elsevier, 
Google Scholar, ProQuest, and Taylor & Francis. The author conducted several searches 
that included the following keywords: FEP, FEED, engineering design, maturity, accuracy, 
FEED assessment, and large industrial projects. After analyzing the literature, the author 
then presented the findings to the research team which was divided into specific focus 
groups based on team members’ background and experience. 
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  During the focus groups, the author and the research team finalized the definitions 
of FEED, FEED maturity, and FEED accuracy. The focus groups included brainstorming 
sessions during team meetings, web-based conference calls, as well as concurrent 
individual reviews. 
5.3.2 Industry Survey on FEED, FEED Maturity, and FEED Accuracy  
The literature review and focus groups findings created a solid foundation for the 
industry survey that explored FEED’s its state of practice. A multi-part, fifteen-question 
survey was conducted to better understand how organizations define FEED, and how 
organizations assess FEED on current projects at the end of detailed scope (Phase Gate 3) 
before proceeding to detailed design. The survey was distributed electronically to 211 
individuals representing 130 CII member organizations. Eighty (80) survey responses were 
received representing 33 organizations (19 owners and 14 contractors). As a result of the 
survey, the author solidified a definition for FEED and gained a better understanding of its 
state of practice in the industry. This understanding served as a foundation to create the 
initial draft version of the FEED maturity and accuracy assessments; the final versions of 
these were later combined into the FEED MATRS tool.   
5.3.3 Tool Development and Data Collection Workshops  
FEED MATRS consists of two assessments. First, the FEED maturity assessment 
is based on the 46 engineering elements of the PDRI for industrial projects. The research 
team developed detailed descriptions of each rating of 0 to 5 for each of the 46 engineering 
elements as described in Yussef et al. (2019a). Second, the FEED accuracy assessment 
started with identifying 37 accuracy factors from the literature review and the industry 
survey, and relied on focus group exercises to identify any missing factors that needed to 
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be added any similar factors that needed to be combined. The author, with input from the 
research team, also developed detailed definitions for each of the accuracy factors. The 
number of factors was narrowed down to a final list of 27 based on workshop input, and 
the author developed weights for each of these factors through data collection workshops 
as discussed in Yussef et al. (2019b). The resulting maturity and accuracy assessments 
were combined to form the new FEED MATRS tool. 
The data collection workshops allowed the author to review, test, and finalize 
FEED MATRS. Four geographically dispersed workshops were hosted across the United 
States and Canada. The workshops were held in Houston, TX, Seal Beach, CA, Cherry 
Hill, NJ, and Calgary, AB, Canada. Overall, 48 industry professionals representing 31 
organizations (14 owners and 17 contractors) attended the workshops. The participants 
have a combined engineering and project management experience of 962 years with an 
average of 20 years of experience per participant. During the workshops, FEED MATRS 
was tested on completed projects to verify its usability in a project team setting and its 
viability as a predictor of project performance. Throughout the workshops, participants 
were asked to offer feedback on the FEED maturity and accuracy assessments, the FEED 
maturity element descriptions and FEED accuracy factor definitions, and how to improve 
the FEED MATRS tool. Participants’ input from every workshop was used to update and 
modify the draft tool to better represent industry terminology and typical risks associated 
with large industrial projects, before the next workshop. The updated version of the tool 
would be used in subsequent workshops, and so on. Ten organizations were represented in 
the first workshop, five in the second, eight in the third, and 11 in the fourth.    
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5.3.4 Project Performance Analysis  
After collecting the project data during the workshops and calculating the 
performance metrics, statistical analysis was used to test the significance of any 
performance differences between projects with various levels of FEED maturity and 
accuracy. The statistical analysis allowed the author to interpret the data and provided a 
basis to offer recommendations to the research team regarding the efficacy of the tool in 
measuring FEED maturity and accuracy and correlations with project performance. Several 
methods were employed by the author, which include boxplots, normality tests, analysis of 
variance (ANOVA) tests, regression analyses, t-tests, Mann-Whitney-Wilcoxon ranked 
sum tests, and step-wise sensitivity analyses.  
5.3.5 Testing of In-progress Projects 
 
After performing the statistical analyses on completed projects, the tool was 
finalized and tested on in-progress projects as well, i.e., projects currently engaged in the 
FEP phase. Data collected from 11 in-progress projects worth over $5 billion were used as 
case studies or an in-depth examination of a single instance. The author performed this 
additional step to confirm the validity and test the efficacy of the new tool, while also 
discerning when and how the tool can be applied in FEP, and the value it brings to the 
scope development process.  
5.4 Summary of Findings from the Literature Review 
This section introduces and discusses relevant literature findings, terms, and 
existing tools central to the development of FEED MATRS. First, the literature regarding 
FEP and FEED is discussed to introduce the context of the study and past research on the 
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subject. Second, FEED maturity and the Project Definition Rating Index (PDRI) for 
Industrial Projects are discussed. Finally, the FEED accuracy literature is discussed.  
5.4.1 FEP and FEED Literature 
FEP begins after the project concept is considered desirable by the business 
leadership of an organization and continues until the beginning of detailed design of a 
project (Gibson and Dumont 1995). Hamilton and Gibson (1996) outlined 14 specific 
activities and products of a good FEP which include options analysis, scope definition and 
boundaries, life-cycle cost analysis, cost and schedule estimates. FEP has many other 
associated terms, including pre-project planning, front end loading (FEL), programming, 
sanctioning, and schematic design among others (Gibson et al. 2006). The sub-process 
steps are generally the same no matter the process name.   A CII research concluded that 
almost four percent of total installed cost was spent on FEP for all types of projects (CII 
2006). This percentage was slightly higher for small projects due to economies of scale.  
The author of this study reviewed the existing FEED literature and existing 
definitions. Based on the comprehensive FEED literature review performed by Yussef et 
al. (2019c), FEED has many different definitions depending on who is evaluating the 
project and what FEP phase they are evaluating. Overall, the literature review helped the 
author identify several gaps in FEED knowledge and establish a strong basis to start 
developing FEED MATRS, as discussed next.    
5.4.2 FEED Maturity Literature and The Project Rating Index (PDRI) 
No Input from the research team and the literature review indicated that many 
organizations actively use the Project Delivery Rating Index (PDRI) for Industrial Projects 
to evaluate the FEP effort of industrial projects, including front end engineering and other 
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scope definition elements. Therefore, previous research regarding the PDRI for industrial 
projects served as the baseline for determining which components most appropriately 
represent the maturity of FEED. 
The PDRI for industrial projects is a tool developed over two decades ago to assess 
key FEP activities for industrial projects (Gibson and Dumont 1996). It identifies 70 
elements related to industrial project planning and divides these elements into three 
separate sections: (I) Basis of Project Decision, (II) Basis of Design, and (III) Execution 
Approach. The PDRI is used to analyze the level of scope definition within a project and 
is a good predictor of project performance with respect to cost, schedule and change orders 
(Gibson and Gebken 2003). 
While previous project scope definition tools such as the PDRI tools for industrial, 
building, and infrastructure projects (Dumont et al. 1997; Cho et al. 1999; Bingham and 
Gibson 2016; Gibson and Gebken 2003) focused on the overall FEP process, there is no 
assessment that is specific to FEED, which is the central portion of FEP. there is a gap in 
knowledge in assessing both the maturity of the engineering deliverables and the 
environment in which they are developed.  
5.4.3 FEED Accuracy Literature  
  Yussef et al. (2019b) were the first to study the accuracy of FEED as an overarching 
concept. In this study, they identified studies that were conducted over four decades, 
spanning various industries, specifically searching for accuracy factors that may apply to 
FEED. The author even reviewed past work on accuracy of other project requirements, 
such as the accuracy of cost and schedule estimates, as there are established criteria for 
evaluating accuracy for these types of estimates in construction projects, as documented 
by AACE and other organizations (Bates et al. 2013; AACE 2016). Past research efforts 
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regarding factors that impact accuracy were evaluated, including those related to the project 
team (leadership and execution teams) and project resources. Accuracy factors from 
previous research investigations were examined to identify relevant factors that could 
impact FEED. These studies included: alignment during pre-project planning (Griffith and 
Gibson 2001), improving early cost estimates (Oberlender and Trost 2001), improving the 
accuracy estimates of building of approximate projects (Ling and Boo 2001), alignment’s 
impact on the front end planning process (CII 2006), the accuracy of pre-tender building 
cost estimates (Aibinu and Pasco 2008), alignment during front end planning of renovation 
and revamp projects (Whittington and Gibson 2009), and the FEP toolkit (CII 2014).  
5.5 The Newly-developed FEED MATRS: A New Two-dimensional Project 
Assessment 
 
This section outlines the FEED MATRS development process based on the findings 
from literature. It is important to know that FEED MATRS has two assessments: (1) the 
FEED maturity assessment and (2) FEED accuracy assessment. Figure 40 illustrates the 
FEED MATRS structure. The maturity assessment is designed to help measure the 
engineering design effort during FEED based on the collective professional judgment of a 
project team. Conversely, the accuracy assessment was developed to help the stakeholders 
of large industrial projects assess the environment in which of FEED deliverables are 
developed. 
  142 
 
 
Figure 40. FEED MATRS Structure 
5.5.1 Dimension #1: FEED Maturity Assessment 
The FEED maturity assessment consists of 46 engineering elements that were 
adopted from the PDRI for industrial projects through a consensus process with the 
research team. Figure 41 shows the finalized list of FEED maturity elements (in bold 
format). The 46 elements were grouped into 11 categories (underlined in Figure 41) that 
are further grouped into the three main sections of (I) Basis of Project Decision, (II) Basis 
of Design, and (III) Execution Approach. The figure also includes the remaining 24 
elements from the PDRI for industrial projects that are not included in the FEED maturity 
component. These remaining 24 elements are not focused strictly on engineering design 
during FEP and hence not part of the scope of this research. They are shown in order to 
distinguish the maturity component of FEED from the whole PDRI for industrial projects.  
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Figure 41. FEED Maturity SECTIONS, Categories, and Elements 
 
I. BASIS OF DECISION 
A. Manufacturing Objectives C. Basic Data Research Development 
A.1 Reliability Philosophy C.1 Technology 
A.2 Maintenance Philosophy C.2 Processes 
A.3 Operating Philosophy D. Project Scope 
B. Business Objectives D.1 Project Objectives Statement 
B.1 Products D.2 Project Design Criteria 
B.2 Market Strategy D.3 Site Characteristics Available vs. Required 
B.3 Product Strategy D.4 Dismantling and Demolition Requirements 
B.4 Affordability/Feasibility D.5 Lead/Discipline Scope of Work 
B.5 Capacities D.6 Project Schedule 
B.6 Future Expansion Considerations E. Value Engineering 
B.7 Expected Project Life Cycle E.1 Process Simplification 
B.8 Social Issues E.2 Design & Material Alternatives Considered/Rejected 
  E.3 Design for Constructability Analysis 
II. BASIS OF DESIGN 
F. Site Information H. Equipment Scope 
F.1 Site Location H.1 Equipment Status 
F.2 Survey and Soil Tests H.2 Equipment Location Drawings 
F.3 Environmental Assessment H.3 Equipment Utility Requirements 
F.4 Site Permits   
F.5 Utility Sourced with Supply Conditions I. Civil, Structural, & Architectural 
F.6 Fire Protection and Safety Considerations I.1 Civil / Structural Requirements  
  I.2 Architectural Requirements 
G. Process/Material   
G.1 Process Flow Diagrams J. Infrastructure 
G.2 Heat & Material Balances J.1 Water Treatment Requirements 
G.3 Piping & Instrumentation Diagrams J.2 Loading/Unloading/Storage Facility Requirements 
G.4 Process Safety Management J.3 Transportation Requirements 
G.5 Utility Flow Diagrams   
G.6 Specifications K. Instrument & Electrical 
G.7 Piping System Requirements K.1 Control Philosophy 
G.8 Plot Plan K.2 Logic Diagrams 
G.9 Mechanical Equipment List K.3 Electric Area Classification 
G.10 Line List K.4 Substation Req’mts Power Sources Ident. 
G.11 Tie-In List K.5 Electric Single-Line Diagram 
G.12 Piping Specialty List K.6 Instrument & Electrical Specifications 
G.13 Instrument Matrix   
III. EXECUTION APPROACH 
L. Procurement Strategy M.  Deliverables 
L.1 Identify Long Lead/Critical Equipment and Materials M.1 CADD/Model Requirements 
L.2 Procurement Procedures and Plans M.2 Deliverables Defined 
L.3 Procurement Responsibility Matrix M.3 Distribution Matrix 
N. Project Controls P. Project Execution Plan 
N.1 Project Control Requirements P.1 Owner Approval Requirements 
N.2 Project Accounting Requirements P.2 Engineering/Construction Plan Approach 
N.3 Risk Analysis P.3 Shut Down/Turn-Around Requirements 
  P.4 Pre-Commissioning Turnover Sequence Requirements 
  P.5 Startup Requirements 
  P.6 Training Requirements 
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5.5.1.1 Structure of FEED Maturity Elements 
The assessment adopted and built upon the industry accepted PDRI scoring. Each 
element can be rated using definition levels from 0 to 5. In order add clarity in rating each 
element and ensure consistency in the scoring process, the author and the research team 
developed and tested 46 descriptions for each definition level. Figure 42 shows an example 
of the typical layout of a FEED maturity element showing how the maturity of each 
definition level is scored. The figure showcases the maturity assessment for element D2. 
Project Design Criteria. The assessment shows the general element description on the left 
side, but also provides detailed descriptions of each element definition level (from 0 to 5) 
on the right side of the page, which were also developed by the focus groups then refined 
in the expert workshops. These have been developed for each of the 46 maturity elements. 
The new detailed descriptions add clarity in rating each element and add consistency to the 
scoring process as a whole. Figure 42 represents an example of only one element in the 
maturity assessment. The entire 46 developed definition levels description can be found in 
El Asmar et al. (2018).   
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Figure 42. Structure of FEED Maturity Elements 
5.5.1.2 FEED Maturity Elements Weighting and Scoring 
The author and research team decided to use element weights from the PDRI for 
industrial projects since these have been developed experimentally and vetted over 20 years 
by industry and academia (e.g., Dumont et al. 1997, Cho and Gibson 2000, Bingham and 
Gibson 2016, Collins et al. 2017, ElZomor et al. 2018). The 46 FEED maturity elements 
amounted to 741 points of PDRI’s 1000 total points. The top five FEED maturity elements 
in terms of weight are Products, Capacities, Technology, Processes, and Process Flow 
Sheets. 
Selecting the definition level for each of the 46 elements is accomplished by 
comparing the maturity score descriptions for that element. Each element is assessed in 
turn, leading to an overall raw FEED maturity score. A normalization process then flips 
the usual PDRI score (where “lower is better”) to create a new maturity index, where a 
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higher score is better, and the result lies on a zero to 100-point scale. The following formula 
converts the raw maturity score into an index between 0 and 100, with 100 having the 
highest possible FEED maturity: 
Normalized Maturity Score = (-0.1456 * Raw Maturity Total Score) + 107.86            
The comprehensive process of developing and testing the FEED maturity 
assessment, definition level descriptions, elements weights, and scoring mechanism is 
detailed in Yussef et al. (2019a).   
The FEED maturity assessment was tested on 11 projects worth $8 billion, and an 
example of the in-progress testing is described next. The assessment was used by a team 
working on a structural steel replacement project at the end of Phase 3. The team was asked 
to evaluate their project’s FEED maturity first without the benefit of using the element 
definitions of the new FEED maturity assessment.  The team gave the project a FEED 
maturity score of 82 out of 100 and felt that they were ready to move to detailed design.  
Next, the team was given the new element definition levels from the FEED maturity 
assessment presented in this paper and asked to repeat the exercise.  The new score was 
70, and the team felt that they needed more time to work on the engineering deliverables 
before proceeding to detailed design. After the maturity elements were improved, the 
project cost estimate was ultimately increased by 18% as the team found several areas of 
additional scope that they had not originally considered. The project team believe that by 
uncovering the additional scope, they improved the schedule of this project by several 
months by avoiding getting into a situation where the funding is inadequate to execute the 
project.  Testing demonstrated that the new assessment allows a project team to make a 
more consistent and realistic evaluation of their progress towards completion. This 
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observation was consistent across the 11 in-progress projects that tested the new 
assessment.  
5.5.2 Dimension #2: FEED Accuracy Assessment 
The second component of FEED MATRS is the FEED accuracy assessment which 
was developed to help the stakeholders of large industrial projects assess the environment 
in which FEED deliverables were developed. The assessment includes 27 FEED accuracy 
factors along with their descriptions. Figure 43 illustrates the 27 developed FEED accuracy 
factors in a summary format, along with the original sources they were adapted from. The 
factors are organized in four distinct types: (I) Project Leadership Team (II) Project 
Execution Team (III) Project Management Process and (IV) Project Resources. These 
factors and their organization in “accuracy types” were based on the literature and input 
from the research team.  The studies identified in the literature are shown in the last column 
of Figure 43 and were conducted over four decades, spanning various industries, and were 
reviewed by the author and the research team to extract accuracy factors that apply to 
FEED. The accuracy factors are not specifically related to any particular engineering 
element, but instead, represent overall contextual or external factors that could affect the 
team environment in which FEED is developed. The factors were all tested in the 
workshops. 
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Figure 43. FEED Accuracy Types, Factors, and References 
5.5.2.1 Accuracy Factors Weighting 
Since the FEED accuracy assessment is new, the author held four industry 
workshops to test it, assign factors weights, and receive feedback on the accuracy factors.  
During the workshops, 48 participants were asked to rank order the top five accuracy 
factors in each accuracy type. Additionally, the participants were asked to prioritize each 
accuracy type by allocating percentage values that represent the relative importance of each 
Accuracy 
Types Accuracy Factors Original Sources
a.   Previous experience planning, designing and executing a project of similar 
size and scope. Nelson and Winter (1982), Lim et al. (2016) 
b.   Stakeholders are appropriately represented on the project leadership team. CII (1999), Griffith and Gibson (2001) 
c.   Project leadership is defined, effective, and accountable. CII (1999), Griffith and Gibson (2001), Oberlender and Trost (2001) 
d.   Leadership team and organizational culture fosters trust, honesty, and shared 
values.
Griffith and Gibson (2001), Burke (2014), McLaughlin 
(2017)
e.   Project leadership team’s attitude is able to adequately manage change. Gibson and Hamilton (1994), Piderit (2000)
f.    Key personnel turnover, e.g., how long key personnel stay with the 
leadership team. Gibson and Hamilton (1994), Woods (2017)
a.   Technical capability and relevant training/certification of the execution team. Wei et al. (2005)
b.   Contractor/Engineer’s team experience with the location, with similar 
projects, and with FEED process.
Nelson and Winter (1982), CII (2003), Skitmore et al. 
(1990) 
c.   Stakeholders are appropriately represented on the project execution team. Oberlender and Trost (2001) 
d.   Level of involvement of design leads or managers in the engineering 
process. Griffith and Gibson (2001), Wei et al. (2005) 
e.   Key personnel turnover including the stability/commitment of key personnel. Gibson and Hamilton (1994), Graetz (2000)
f.    Co-location of execution team members to one another. Heinemann and Zeiss (2002)
g.   Team culture or history of the execution team working together. Oberlender and Trost (2001), Moreland et al. (1998)
a.   Communication within the team is open and effective; a communication plan 
is identified. Pinto (1990), Griffith and Gibson (2001) 
b.   Priority between cost, schedule, and required project features is clear. Griffith and Gibson (2001)
c.   Organization implements and follows a front end planning process. Griffith and Gibson (2001)
d.   Significant input of construction knowledge into the FEED process. Dave and Koskela (2009)
e.   Adequate process for coordination between key disciplines. Winograd (1993)  
f.    Alignment of FEED process with available project information. Griffith and Gibson (2001), Oberlender and Trost 
(2001)
g.   Documentation used in preparing FEED Aguiar (2000), CII (2003), Griffith and Gibson (2001)
h.   Review and acceptance of FEED by appropriate parties. Stamps and Nasar (1997)
a.   Commitment of key personnel on the project team. Saudargas and Zanolli (1990), Griffith and Gibson (2001)
b.   Calendar time allowed for preparing FEED. Lan and DeMets (1989), Oberlender and Trost (2001), Ostrowski (2006), Rigby and Bilodeau (2015)
c.   Quality of and level of engineering data available. Chen et al. (2005), Oberlender and Trost (2001) 
d.   Amount of funding allocated to perform FEED. Griffith and Gibson (2001), Oberlender and Trost 
(2001) 
e.   Local knowledge. Oberlender and Trost (2001)
f.   Availability of standards and procedures. Griffith and Gibson (2001), Heinemann and Zeiss (2002)
4. Project 
Resources
1. Project 
Leadership 
Team
2. Project 
Execution 
Team
3. Project 
Management 
Processes
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type to the total accuracy of FEED. Yussef et al. (2019b) describe the detailed weighting 
process. The author used the following formula to calculate the weights of the accuracy 
factors:  𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦	𝐹𝑎𝑐𝑡𝑜𝑟	𝑊𝑒𝑖𝑔ℎ𝑡 = wxxyz{x|	}{x~z	~{	xz∗wxxyz{x|	|	zx~{∑~{	xz	z	wxxyz{x|	|                          
5.5.2.2 Accuracy Factors Scoring 
The 27 accuracy factors and their weights are arranged in a score sheet format and 
are supported by detailed descriptions and checklists. An excerpt of the checklist can be 
seen in Table 16, which shows the factors that make up the Project Execution Team, one 
of the four types of the accuracy component. After all factors have been assessed, an 
accuracy score from 0 to 100 is calculated to gauge the overall FEED accuracy.  
Table 16. Excerpt from the Accuracy Factors Score Sheet for Type II: Project 
Execution Team 
 
To describe how the final FEED accuracy score is calculated, an example based on 
a real project is described next. The workshop participant scored each FEED accuracy 
factor using the possible ratings provided in the score sheet. For this project, the execution 
team’s technical capability met most (5) of the requirements, the contractor/engineer’s team 
experience met some (3) of the requirements, the stakeholder’s representation met some (3) 
Accuracy Type II: Project Execution Team 
The project execution team is the group of individuals responsible for executing the project. This group may be comprised of several 
project team members including the project manager, team leads, key stakeholders, vendors, and/or customer representatives. 
Factors for Review 
 
High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
2a. Technical capability and relevant training/certification 
of the execution team 7 5 3 2 0  
2b. Contractor/Engineer’s team experience with the 
location, with similar projects, and with the FEED process 6 5 3 2 0  
2c. Stakeholders are appropriately represented on the project 
team (e.g., contractor, operations and maintenance, key 
design leads, project manager, sponsor) and have a clear 
understanding of the project scope 
5 4 3 1 0  
2d. Level of involvement of design leads or managers in the 
engineering process  3 2 2 1 0  
2e. Key personnel turnover including the 
stability/commitment of key personnel on the owner side 
through the FEED process 
3 2 1 1 0  
2f. Co-location of execution team members  2 1 1 0 0  
2g. Team culture or history of the execution team working 
together  1 1 1 0 0  
Project Execution Team Maximum Score = 27 Project Execution Team Total Score  
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of the requirements, and the level of involvement of design leads met most (2) of the 
requirements. Subsequently, the key personnel turnover including the 
stability/commitment of key personnel was high performing (3), the Co-location of 
execution team members needed improvement (0), the key personnel turnover met most 
(1) of the requirements, and the team culture was high performing (1).  Therefore, the 
resultant score for Type II: Project Execution Team in this project was 18 out of 27. The 
participant completed the assessment for the other three FEED accuracy types which 
received the following scores:  Type I (23), Type III (20) Type IV (19). Thus, the FEED 
accuracy score for this particular project was the total for all FEED accuracy types scores 
80 out of 100. The author received FEED accuracy scores for 33 such completed projects. 
The complete FEED accuracy assessment along with the entire factors score sheets can be 
found in El Asmar et al. (2018).  
The FEED accuracy assessment was tested on 11 projects worth $8 billion, and an 
example of the in-progress testing is described next. The assessment was tested in a project 
that was starting its FEED development. The project was to separate a joint facility into 
two separate facilities in Argentina.  The project team used the FEED accuracy assessment 
which exposed some gaps based on a score of 74.  The assessment unveiled that the top 
three items that needed improvements are: (1) leadership team’s previous experience; (2) 
contractor/engineer’s team experience; and (3) stakeholders are appropriately represented 
on the project team. The early phase FEED accuracy evaluation allowed the management 
team to identify several critical risks and take corrective actions early in the process.  The 
key action items that the project team included: increase the frequency of management 
reviews based on the experience levels of the project team,  add outside engineering support 
locally in Argentina, and add additional construction reviews throughout the FEED 
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development.  The project team believes that these changes have significantly improved 
the quality of FEED. 
5.6 Quantifying the Two-Dimensional Impact of FEED Maturity and Accuracy  
This section summarizes the testing process for FEED MATRS to determine the 
efficacy of this new assessment to predict project success. The author statistically 
compared FEED maturity and accuracy scores versus actual cost, schedule, change, 
financial performance, and customer satisfaction measures, on a sample of 33 recently 
completed large industrial projects.  
5.6.1 Data Characteristics 
Workshop participants were the primary sources of data collection. The research 
team developed strict criteria for workshop participants, including having more than ten 
years of FEED experience on large industrial projects. The author calculated FEED 
maturity and accuracy scores for each completed project based on levels of definition 
provided in each (out of a maximum of 100) questionnaire. FEED maturity scores of the 
projects in this sample ranged from 52 to 97, and FEED accuracy scores ranged from 24 to 
97. Higher scores indicate a more mature and accurate FEED definition during front end 
planning. Lower FEED maturity and accuracy scores indicate insufficient FEED scope 
definition. This section tests the hypothesis that FEED maturity and accuracy scores are 
corelated with project performance. 
The sample of 33 completed projects represent a total cost of $8.83 billion, ranging 
from $7.05 to $1,939 million, and from 240 to 2,340 schedule days. The projects were 
constructed in the U.S., Canada, and Brazil and include newly constructed and renovation 
as well as revamp facilities. The projects include twelve chemical plants, seven refineries, 
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six pipeline projects, two pharmaceutical manufacturing facilities, three oil and gas 
projects, one remediation facility, one terminal operations facility, one food manufacturing 
plant, one power plant, one corporate museum renovation, one process plant, one 
compression station, and one heavy industrial processing facility.   
Table 17 presents the descriptive statistics for the projects used in the analysis. 
Descriptive statistics show total installed cost, total project duration, and FEED maturity 
and accuracy scores. Next, descriptive statistics for cost change, schedule change, change 
performance, the absolute dollar value of change orders, financial performance scores, 
customer satisfaction scores. 
The author investigated the nature of any statistical outliers and made sure that they 
were all valid data points and were not due to incorrectly entered or measured data 
(Morrison 2009). Thus, following an approach considered by a previous PDRI 
development, the author decided to keep the outliers and extremes that are still correct data 
points (Morrison 2009). It should be noted that only one project used in the testing was 
below the $10 million cost threshold for large industrial projects. The author chose to keep 
this project in the dataset because the project team believed that this project was complex 
and met all the remaining criteria, despite being slightly below $10 million.  
Table 17. Descriptive Statistics (N=33) 
 Avg. Median Std. Dev. Min Max 
Total Installed Cost ($M)  267.86 108.40 451.07 7.05 1,939.00 
Total Project Duration (Days)  933.48 780.00 466.65 240.00 2,340.00 
FEED Maturity Score (1-100) 82.00 83.00 9.81 52.00 97.00 
FEED Accuracy Score (1-100) 70.00 72.00 13.88 24.00 97.00 
Project Performance Metrics       
Cost Change (%)  9.17 5.90 18.44 -27.27 53.45 
Schedule Change (%)  13.40 11.61 18.53 -20.00 68.75 
Change Performance (%)  9.51 5.45 14.72 0.00 80.00 
Absolute Value of Change Orders ($M)  25.40 5.75 73.39 0.00 415.00 
Financial Performance (1-5 scale)  3.19 3.00 1.12 1.00 5.00 
Customer Satisfaction (1-5 scale) 3.96 4.00 0.99 1.00 5.00 
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5.6.2 FEED Maturity and Accuracy Thresholds 
It was important for the author and research team to determine what “good” FEED 
maturity and accuracy scores would be, where “good” meant exceeding a certain score 
threshold (i.e., the level of FEED development definition) that a project team should 
achieve prior to moving forward to detailed design. In order to establish threshold values 
for FEED maturity and accuracy scores, which will be used in the later analyses, a step-
wise sensitivity analysis was performed. Sub-sample p-values were calculated using the t-
test assuming unequal variances in the sample sets. The assumption of unequal variance 
was selected due to the nature of the sensitivity analysis in which a small sample of projects 
(starting with the lowest FEED maturity or accuracy scores) is successively compared to 
the highest scoring projects, with each successive comparison stepping up the threshold by 
one. This step-wise analysis results in a range of p-values, and the lowest p-value is selected 
to determine the FEED maturity and accuracy scores threshold. 
Figure 44 shows the step-wise sensitivity analysis results based on cost change 
performance for FEED maturity and accuracy thresholds. For maturity, the lowest p-value 
of 0.0016 corresponded to a score of 80 percent, and for accuracy, the lowest p-value of 
0.0037 corresponded to a score of 76 percent.  
 
Figure 44. Step-wise Sensitivity Analysis Results based on Cost Change 
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The The sensitivity analysis resulted in the creation of four specific FEED maturity-
accuracy quadrants named High Maturity High Accuracy (HMHA), High Maturity Low 
Accuracy (HMLA), Low Maturity Low Accuracy (LMLA), and Low Maturity High 
Accuracy (LMHA). The performance metrics were calculated for each project, and then 
the completed and in-progress projects were plotted in their respective quadrant based on 
their FEED maturity and accuracy scores, as shown in Figure 45.  
 
Figure 45. Completed and In-progress Projects Plotted in the FEED Maturity and 
Accuracy Quadrants 
Note that no completed projects were observed in the LMHA quadrant and 
therefore LMHA is not included in the analysis of performance.  The research team 
hypothesized that a project team with high accuracy would not let their project move 
forward with low maturity and would ensure their project’s FEED is mature. In fact, the 
three in-progress projects in the LMHA quadrant all had late scope additions which resulted 
in a lower maturity of FEED while maintaining high FEED accuracy for these projects.  
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The next sections of the paper present the statistical testing of project performance 
areas using cost change, schedule change, change orders, financial performance, and 
customer satisfaction. Comparisons of the quadrants are completed to determine if there 
are any statistically significant differences in performance between projects with different 
FEED maturity and accuracy scores. First, each of the datasets for the performance areas 
is tested for normality. The results of the normality test indicate which statistical tests are 
most appropriate when further analyzing the data. Second, statistical comparisons are made 
between each of the quadrants for each performance area. For cost change, ANOVA and 
t-tests are used. For the other metrics, Kruskal-Wallis and Mann-Whitney-Wilcoxon 
(MWW) tests are used.  
5.6.3 Do FEED Maturity and Accuracy Impact Cost?  
Cost change was the first metric tested to measure the impact of FEED maturity 
and accuracy on project performance. The boxplot of cost change data for each of the three 
quadrants in which data was available (LMLA, HMLA, and HMHA) is shown in Figure 
46. From the boxplot, LMLA projects recorded higher mean and median values of cost 
change  (22 percent and 21 percent respectively) compared to HMLA projects (6 percent 
and 4 percent respectively) and HMHA (-2 percent and 0 percent respectively). Therefore, 
it seems that high FEED maturity and accuracy projects have less cost change.  Next, these 
observed differences are tested for statistical significance. 
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Figure 46. Cost Change versus the FEED Maturity and Accuracy Quadrants  
The Shapiro-Wilk normality test for the cost change dataset resulted in a p-value of 
0.219. Since this p-value is greater than 0.05, the dataset can be assumed to be normally 
distributed. Therefore, the ANOVA test and t-test will be appropriate to use when 
comparing the quadrants for cost change. Note that all tests were performed at the 95 
percent confidence interval corresponding to α=0.05.   
The ANOVA test was performed on the cost change dataset. The resulting p-value 
of 0.004 indicates that the mean of least one quadrant is significantly different from the 
others. Subsequently, the t-test is used to test each pair of quadrants. For HMHA versus 
HMLA, the resultant p-value of 0.205 indicates that there are no significant differences in 
performance for cost change between these two quadrants. It looks like FEED accuracy on 
its own does not impact cost performance significantly, when FEED maturity is high. 
However, for HMLA versus LMLA the resultant p-value of 0.032 indicates there are 
significant differences in performance; given that both of these quadrants have low FEED 
accuracy, it looks like FEED maturity is making an impact here. This result seems to 
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suggest that in a low accuracy FEED environment, FEED maturity has a significant impact 
on cost performance. For HMHA versus LMLA, the resultant p-value of 0.003 indicates 
there are significant differences in performance, showing that FEED maturity and accuracy 
combined have the most significant impact on performance.  
Overall, this series of analyses seems to suggest that for this sample of projects, 
FEED maturity combined with accuracy showed by far the most statistical significance in 
the observed differences in terms of cost change. The difference in cost performance for 
HMHA versus LMLA is on the order of 20 percent. 
5.6.4 Do FEED Maturity and Accuracy Impact Schedule?  
The author did not observe significant differences in schedule performance. The 
author and research team had several in-depth discussions as to why this is the case. One 
possibility provided by the experienced research team members is that project teams are 
seldom given enough time to complete projects readily, and that schedule estimates are 
often too aggressive, and the deadlines are often set based on business decisions as opposed 
to actual construction needs. It should be noted that this hypothesis is based on experiential 
evidence from the industry expert team members and has not been statistically tested. 
5.6.5 Do FEED Maturity and Accuracy Change Performance?  
The boxplot of change performance versus the three FEED maturity and accuracy 
quadrants is shown in Figure 47. The mean and median values of change performance for 
LMLA projects (10 percent and 6 percent respectively) are higher than the mean and 
median values of projects in HMLA (9 percent and 7 percent respectively) or HMHA 
projects (3.5 percent and 3 percent respectively). Therefore, it is possible that high FEED 
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maturity and accuracy projects may have superior change performance. Next, the author 
test whether these observed differences are statistically significant. 
 
Figure 47. Change Performance versus the FEED Maturity and Accuracy 
Quadrants 
The Shapiro-Wilk normality test for the change order dataset resulted in a p-value 
less than 0.005, which indicates that the dataset is non-normally distributed. Since this is 
the case, the author used Kruskal-Wallis and MWW tests. 
The Kruskal-Wallis test resulted in a p-value of 0.059 which indicates that the 
observed differences between the medians of the three quadrants are not statistically 
significant. However, it should be noted that this p-value is on the margin for significance 
and there still could be significant differences between pairs of quadrants in the change 
order performance dataset. Next, the MWW test is used to determine if statistical 
significance exists between the pairs of quadrants. For HMHA versus HMLA, the resultant 
p-value of 0.027 indicates that the observed differences are statistically significant. This 
indicates that in a high FEED maturity environment, FEED accuracy is significantly 
impacting change performance. Conversely, for HMHA versus LMLA, the resultant p-
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value of 0.079 indicates that no significant differences exist. This specific result seems to 
suggest that in a low FEED accuracy environment, FEED maturity alone may not help 
avoid changes. 
Overall, significant differences in change order performance were observed 
between specific quadrants. The results seem to suggest that FEED accuracy has more of 
an effect on change order performance than FEED maturity. 
5.6.6 Other Key Metrics: Financial Performance and Customer Satisfaction Matching 
Expectations  
The last two metrics tested against FEED maturity and accuracy are financial 
performance and customer satisfaction matching expectations. Most workshop participants 
who submitted completed project data were asked about their projects’ financial 
performance and customer satisfaction, each on a Likert scale of one to five. A score of 
one equated to the project falling far short of expectations set at the end of FEP, and a score 
of five indicated a project far exceeding expectation. Since these metrics were measured 
on a 1 to 5 Likert scale, the data has an ordinal or discrete number distribution. Therefore, 
the Kruskal-Wallis and MWW tests are appropriate. 
Starting with a visual representation of the results, Figure 48 shows the boxplots of 
financial performance versus the FEED maturity and accuracy quadrants. As expected, 
high FEED maturity and accuracy projects (HMHA) seem to have better financial 
performance compared to projects in the LMLA quadrant, and HMLA is in between. Next, 
these observed differences are tested statistically. 
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Figure 48. Financial Performance versus the FEED Maturity and Accuracy 
Quadrants 
 For the Kruskal-Wallis test, the resulting p-value of 0.043 indicates that there is at 
least one quadrant median that is significantly different from the others. To follow up, the 
MWW test is used to test the differences between pairs of quadrants. For HMHA versus 
HMLA, the resultant p-value of 0.132 indicates there are no significant differences in 
financial performance between these two quadrants. For HMHA versus LMLA, the 
resultant p-value of 0.027 indicates there are significant differences in performance. 
Finally, for HMLA versus LMLA, the resultant p-value of 0.322 indicates there are no 
significant differences in financial performance.  
 Overall, when comparing the quadrants, there are only significant differences in 
financial performance for HMHA versus LMLA; i.e., the performance impacts are most 
significant when FEED maturity and accuracy are together (both high or both low). This 
result adds to the evidence supporting an assessment of both maturity and accuracy to 
  161 
 
ensure the project FEED is both mature and accurate, leading to significantly improved 
outcomes. 
Next, Figure 49 shows a similar analysis for customer satisfaction matching 
expectations. Similar to financial performance, the boxplots show that HMHA projects 
have superior customer satisfaction performance compared to projects in the HMLA and 
LMLA quadrants.  
 
Figure 49. Customer Satisfaction versus the FEED Maturity and Accuracy 
Quadrants 
For the Kruskal-Wallis test the resultant p-value of 0.075 indicates there is no 
significant difference in the three quadrant pairings; however, given that the p-value is 
close to the 0.05 threshold, the MWW test is also used to compare pairs of quadrants. For 
HMHA versus HMLA, the resultant p-value of 0.189 also indicates that there are no 
significant differences between these two quadrants. For HMHA versus LMLA, the 
resultant p-value of 0.049 indicates there are significant differences in performance. 
Subsequently, for HMLA versus LMLA, the resultant p-value of 0.306 indicates there are 
no significant differences in customer satisfaction. So, similar to the financial performance 
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metric, when comparing the quadrants, there are only significant differences in customer 
satisfaction for HMHA versus LMLA (p-value = 0.049), i.e., when the FEED is both 
mature and accurate.  
This statement would not have been possible before this paper, because existing 
assessments focused solely on FEED maturity without quantifying accuracy and 
combining these two dimensions. Therefore, the tests of FEED maturity versus 
performance in several of these analyses would have been negative, ending the discussion. 
However, with the addition of the accuracy dimension, there is ample evidence that 
combining FEED maturity and accuracy is leading to much more significant outcomes on 
various performance metrics. 
5.6.7 Summary of Project Performance Analysis 
To summarize the main conclusions from the project performance analyses, 
significant differences were found between projects with HMHA and those with LMLA 
FEED in terms of cost change, change orders, financial performance and customer 
satisfaction matching expectations. These observations and all the analyses discussed lead 
the author to state that both FEED maturity and accuracy are critical to large industrial 
project performance. Table 18 summarizes the mean cost, schedule, change, financial 
performance, and customer satisfaction results. In the instances where the t-test was used, 
the table shows the mean values for LMLA, HMLA, and HMHA projects. The medians 
are presented in the cases where the MWW test was used.  
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Table 18. Summary of Quantitative Results 
Performance 
(1) 
LMLA 
M<80, A<76 
(2) 
HMLA 
M>80, A<76 
(3) 
HMHA 
M>80, A>76 
(1) versus (3)  
Δ 
 
(1) versus 
(3)  
p-value 
Cost 22% above budget 6% above budget 
2% below 
budget 24% 0.003* 
Schedule 15% behind schedule 
15% behind 
schedule  
10% behind 
schedule 5% 0.686 
Change 
Orders 10% of budget 9% of budget 
3.5% of 
budget 6.5% 0.079 
Financial 
Performance 2.50 3.00 4.00 1.50 0.027* 
Customer 
Satisfaction 3.00 4.00 4.50 1.50 0.049* 
*significant at p<0.05 
 
5.7 Conclusions 
This research explored FEED maturity and accuracy and its impact on large 
industrial project performance in terms of cost change, schedule change, change 
performance, financial performance and customer satisfaction matching expectations. The 
two contributions of this work include (1) developing an objective and effective two-
dimensional method to measure FEED maturity and accuracy and (2) discovering that high 
FEED maturity and accuracy projects outperform projects with low FEED maturity and 
accuracy by 24 percent in terms of cost growth in relation to the approved budget. 
Additionally, financial performance and customer satisfaction matching expectations seem 
to be profoundly affected by the combination of both FEED maturity and accuracy. 
FEED maturity and accuracy and its impact on project performance were 
investigated through univariate statistical analysis performed on 33 completed projects 
with overall expenditures of over $8.83 billion. These results demonstrate the ability of 
FEED MATRS to highlight the risk factors most important to address during the FEED 
development of an industrial project, and the negative impacts to project performance if 
they are not adequately addressed.  
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The author and research team made every effort to collect data from a diverse group 
of individuals and organizations spanning three countries; however, due to the sample size, 
these projects may not be representative of the entire population of projects globally. 
Furthermore, the research described in this paper was focused on the industrial construction 
sector. FEED MATRS may not be applicable to other sectors, but the methods that have 
been outlined could be used to develop similar assessments for building and infrastructure 
projects. 
Another area of future work would be finding means to encourage industry to 
implement current research findings. FEP research results over the past three decades, 
including PDRI and FEED MATRS, have identified what it takes to maximize the 
probability of a project being successful. The data analyzed in this study prove this fact. 
However, even though this knowledge exists, many organizations are not fully making use 
of it. Implementation of tested research findings remains a challenge in our industry and is 
arguably what is needed for the industry to take its next big leap. 
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6. CONCLUSIONS AND CONTRIBUTIONS 
 
6.1 Summary of Research  
This dissertation explored FEED maturity and accuracy and its impact on large 
industrial project performance in terms of cost change, schedule change, change 
performance, financial performance and customer satisfaction matching expectations. The 
performance results are based on input from 128 individuals in 57 organizations and a data 
sample of 33 recently completed large industrial projects representing over $8.83 billion 
of total installed cost. A scientific research methodology was employed in this research 
that included a literature review, focus groups, an industry survey, data collection 
workshops, and statistical analysis of project performance. 
The author and research team developed an objective and effective two-
dimensional method to measure FEED maturity and accuracy. The stand-alone framework 
was tied closely to PDRI and other existing FEP tools to ensure consistency in the 
definitions.  This new framework is entitled FEED MATRS and helps in identifying, 
defining, quantifying, assessing, and communicating, the maturity and accuracy of key 
engineering deliverables of FEED. It also allows for evaluating the enabling factors that 
drive effective engineering design during FEED (i.e., capability of the engineers, turnover 
of key design team members, time allowed for FEED, etc.). FEED MATRS was tested and 
proven to ensure broad applicability to large industrial project stakeholders.   
This dissertation led to distinct contributions to the body of knowledge. The next 
section provides a summary of these contributions. The research results demonstrate the 
ability of FEED MATRS to highlight the risk factors most important to address during the 
FEED development of an industrial project, and their corresponding impacts on project 
performance. 
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6.2 Summary of Results and Contributions 
One of the most important contributions was providing agreed-upon  definitions for 
FEED, FEED maturity, and FEED accuracy which were tested in the industry survey and 
workshops. Furthermore, the most substantial contribution of this research was the 
development of a novel, non-proprietary tool specifically for assessing FEED maturity and 
accuracy, called FEED MATRS. The development of FEED MATRS has not only 
expanded the long-standing CII best practice of FEP but also greatly contributed to the 
existing FEED research base. Moreover, project performance testing results provide 
quantitative proof that a mature and accurate FEED during the FEP of large industrial 
projects drastically affects project performance. The full list of contributions associated 
with each chapter of this dissertation is shown in Figure 50.  
 
Figure 50. Summary of Contributions 
In summary, the test results from this study are clear.  There is no mystery to 
performing well on capital projects.  This study presents evidence that the phase gated 
approach to FEP works and results in successful projects. Excellent project results occur 
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when project teams are put in the right environment to succeed and when they pursue FEED 
to a mature and accurate state.  The results from this study show these facts conclusively 
and further validate over 25 years of research conducted in this area by CII.  
6.3 Recommendations for Industry Practitioners 
FEED MATRS is the main outcome of this study. It is intended for use as a scope 
assessment, project alignment, and risk assessment tool for projects that are actively 
involved in FEED development or projects at the end of FEED. The tool was designed so 
that it can be used multiple times during the front end planning process. Project teams are 
urged not to solely focus on the scores derived from the assessment. Even projects that 
score above 80 for FEED maturity and above 76 for FEED accuracy might still have 
significant issues that should be addressed prior to moving a project forward into detailed 
design and construction. Disregarding these risk issues might significantly affect project 
performance.  
 FEED MATRS was designed for use on large, complex industrial projects, and is 
complementary to the PDRI for industrial projects. In fact, the author and research team 
also developed definition level descriptions for the 24 remaining elements of the PDRI for 
industrial projects, which were not part of the original scope of this study. 
6.4 Research Limitations  
The project performance results provided in this dissertation are based on a sample 
of completed projects.  The author and research team made every effort to collect data from 
a diverse group of individuals and organizations spanning three countries; however, due to 
the sample size, these projects may not be representative of the entire population of projects 
globally. Furthermore, the research described in this dissertation was focused on the 
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industrial construction sector. FEED MATRS may not be applicable to other sectors, but 
the methods that have been outlined could be used to develop similar assessments for 
building and infrastructure projects. 
6.5 Recommendations for Future Work 
FEED MATRS is focused on large industrial projects. The author suggests that 
similar tools be developed for the FEED development phase of infrastructure and building 
project types. Empirical evidence would suggest that industrial projects encounter some of 
the same performance issues as the building and infrastructure sectors. Further extending 
the CII front end planning focus towards the FEED development of infrastructure and 
building projects could greatly benefit those sectors.  
Another area of future work would be finding means to encourage industry to 
implement current research findings. This research study proved one more time that there 
are no shortcuts to successful projects. CII research results over the past three decades, 
including PDRI and FEED MATRS, have identified what it takes to run a successful 
project, or at least to maximize the probability of the project being successful. The data 
analyzed in this study and in previous studies prove just that. However, even though this 
knowledge exists, many organizations are not fully making use of it. Implementation of 
known research findings remains a challenge in our industry and is arguably what is needed 
for the industry to take its next big leap. 
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This appendix shows a list of the organizations that participated in this research. 
This includes the research team, the industry state of practice survey, the data collection 
workshops, and the in-progress testing of projects. 
Table A. Participating Organizations 
CONTRACTORS (30) OWNERS (32) 
2.9 Inc. # Mott MacDonald # AstraZeneca* Irving Oil Limited   
AECOM # Odebrecht #• Cargill # INEOS Olefins & 
Polymers USA # 
Altran US Corp. # Pathfinder, LLC. *# Chevron*#• Infineum, USA LP #  
CH2M * Parsons * Conoco Phillips* Johnson & Johnson # 
Day & Zimmerman * PTAG Inc. * U.S. Department of 
Energy • 
Koch Ag & Energy 
Solutions* 
Eichleay Engineers 
Inc. 
Quality Execution, 
Inc. * 
DuPont # NASA* 
Emerson Automation 
Solutions # 
Revay & Associates, 
Ltd. # 
Eastman Chemical 
Company* 
Nova Chemicals, Ltd. 
# 
Faithful+Gould # S&B Engineers and 
Constructors # 
Eli Lilly and 
Company*#• 
Occidental 
Petroleum* 
Fluor *# SBM Offshore * Eskom Holdings 
SOC Ltd.* 
Petronas* 
Fluor Canada, Ltd. # Supreme Steel * Gatwick Airport 
Ltd.* 
SABIC* 
Ford, Bacon & Davis, 
Inc. 
Technip # General Motors* SCHREIBER* 
Hargrove Engineers + 
Constructors *#• 
Undisclosed # Georgia Pacific*• Shell Canada, Ltd.* 
IHI E&C 
International 
Corporation * 
Yates Construction * GlaxoSmithKline # Statoil ASA* 
Kiewit Energy U.S.  Zachry Group *# Honeywell 
International Inc.  
Tennessee Valley 
Authority* 
Lauren Engineers & 
Constructors * 
 Huntsman 
Corporation*#• 
INEOS Olefins & 
Polymers USA # 
Merrick & Co. #  Husky Energy #  
  * = Survey 
# = Workshops 
• = In-progress Testing 
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This appendix presents the unweighted and weighted scoresheets for the maturity 
assessment component of FEED MATRS. 
Unweighted FEED Maturity Scoresheets 
 
SECTION  I  -  BASIS OF PROJECT DECISION 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
A.  MANUFACTURING OBJECTIVES CRITERIA    
     A1.  Reliability Philosophy        
     A2.  Maintenance Philosophy        
     A3.  Operating Philosophy        
CATEGORY A TOTAL  
B.  BUSINESS OBJECTIVES    
     B1.  Products        
     B5.  Capacities        
     B6.  Future Expansion Considerations        
     B7.  Expected Project Life Cycle        
CATEGORY B TOTAL  
C.  BASIC DATA RESEARCH & DEVELOPMENT    
     C1.  Technology        
     C2.  Processes        
CATEGORY C TOTAL  
D.  PROJECT SCOPE    
     D2.  Project Design Criteria        
     D3.  Site Characteristics Available vs. Req’d        
     D4.  Dismantling and Demolition Req’mts        
CATEGORY D TOTAL  
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SECTION  II  -  BASIS OF DESIGN 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
F.  SITE INFORMATION    
     F2.  Surveys & Soil Tests        
     F3.  Environmental Assessment        
     F4.  Permit Requirements        
     F5.  Utility Sources with Supply Conditions        
     F6.  Fire Protection & Safety Considerations        
CATEGORY F TOTAL  
G.  PROCESS / MECHANICAL    
     G1.  Process Flow Sheets        
     G2.  Heat & Material Balances        
     G3.  Piping & Instrumentation Diagrams (P&ID's)        
     G4.  Process Safety Management (PSM)        
     G5.  Utility Flow Diagrams        
     G6.  Specifications        
     G7.  Piping System Requirements        
     G8.  Plot Plan        
     G9.  Mechanical Equipment List        
     G10.  Line List        
     G11.  Tie-in List        
     G12.  Piping Specialty Items List        
     G13.  Instrument Index        
CATEGORY G TOTAL  
H.  EQUIPMENT SCOPE    
     H1.  Equipment Status        
     H2.  Equipment Location Drawings        
     H3.  Equipment Utility Requirements        
CATEGORY H TOTAL  
I.  CIVIL, STRUCTURAL, & ARCHITECTURAL    
     I1.  Civil/Structural Requirements         
     I2.  Architectural Requirements        
CATEGORY I TOTAL  
J.  INFRASTRUCTURE    
     J1.  Water Treatment Requirements        
     J2.  Loading/Unloading/Storage Facilities Req’mts        
     J3.  Transportation Requirements        
CATEGORY J TOTAL  
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SECTION II - BASIS OF DESIGN (continued...) 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
K.  INSTRUMENT & ELECTRICAL   
     K1.  Control Philosophy        
     K2.  Logic Diagrams        
     K3.  Electrical Area Classifications        
     K4.  Substation Req’mts Power Sources Ident.        
     K5.  Electric Single Line Diagrams        
     K6.  Instrument & Electrical Specifications        
CATEGORY K TOTAL  
 
SECTION  III  -  EXECUTION APPROACH 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
P.  PROJECT EXECUTION PLAN   
    P4.  Pre-Commiss. Turnover Sequence Req’mts        
    P5.  Startup Requirements        
CATEGORY P TOTAL  
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Weighted FEED Maturity Score Sheet 
 
The following tables are the same as the previous maturity score sheets, but with 
the definition level weights. The normalization process presented at the end of this 
appendix flips the usual PDRI scoring where “lower is better,” to create a new maturity 
index where higher is better. 
SECTION  I  -  BASIS OF PROJECT DECISION 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
A.  MANUFACTURING OBJECTIVES CRITERIA  (Maximum Score = 45)  
     A1.  Reliability Philosophy 0 1 5 9 14 20  
     A2.  Maintenance Philosophy 0 1 3 5 7 9  
     A3.  Operating Philosophy 0 1 4 7 12 16  
CATEGORY A TOTAL  
B.  BUSINESS OBJECTIVES  (Maximum Score = 136)  
     B1.  Products 0 1 11 22 33 56  
     B5.  Capacities 0 2 11 21 33 55  
     B6.  Future Expansion Considerations 0 2 3 6 10 17  
     B7.  Expected Project Life Cycle 0 1 2 3 5 8  
CATEGORY B TOTAL  
C.  BASIC DATA RESEARCH & DEVELOPMENT  (Maximum Score = 94)  
     C1.  Technology 0 2 10 21 39 54  
     C2.  Processes 0 2 8 17 28 40  
CATEGORY C TOTAL  
D.  PROJECT SCOPE  (Maximum Score = 66)  
     D2.  Project Design Criteria 0 3 6 11 16 22  
     D3.  Site Characteristics Available vs. Req’d 0 2 9 16 22 29  
     D4.  Dismantling and Demolition Req’mts 0 2 5 8 12 15  
CATEGORY D TOTAL  
Section I Maximum Score = 341                       SECTION I TOTAL  
 
 
  
  189 
 
SECTION  II  -  BASIS OF DESIGN 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
F.  SITE INFORMATION  (Maximum Score = 72)  
     F2.  Surveys & Soil Tests 0 1 4 7 10 13  
     F3.  Environmental Assessment 0 2 5 10 15 21  
     F4.  Permit Requirements 0 1 3 5 9 12  
     F5.  Utility Sources with Supply Conditions 0 1 4 8 12 18  
     F6.  Fire Protection & Safety Considerations 0 1 2 4 5 8  
CATEGORY F TOTAL  
G.  PROCESS / MECHANICAL  (Maximum Score = 196)  
     G1.  Process Flow Sheets 0 2 8 17 26 36  
     G2.  Heat & Material Balances 0 1 5 10 17 23  
     G3.  Piping & Instrumentation Diagrams (P&ID's) 0 2 8 15 23 31  
     G4.  Process Safety Management (PSM) 0 1 2 4 6 8  
     G5.  Utility Flow Diagrams 0 1 3 6 9 12  
     G6.  Specifications 0 1 4 8 12 17  
     G7.  Piping System Requirements 0 1 2 4 6 8  
     G8.  Plot Plan 0 1 4 8 13 17  
     G9.  Mechanical Equipment List 0 1 4 9 13 18  
     G10.  Line List 0 1 2 4 6 8  
     G11.  Tie-in List 0 1 2 3 4 6  
     G12.  Piping Specialty Items List 0 1 1 2 3 4  
     G13.  Instrument Index 0 1 2 4 5 8  
CATEGORY G TOTAL  
H.  EQUIPMENT SCOPE  (Maximum Score = 33)  
     H1.  Equipment Status 0 1 4 8 12 16  
     H2.  Equipment Location Drawings 0 1 2 5 7 10  
     H3.  Equipment Utility Requirements 0 1 2 3 5 7  
CATEGORY H TOTAL  
I.  CIVIL, STRUCTURAL, & ARCHITECTURAL  (Maximum Score = 19)  
     I1.  Civil/Structural Requirements  0 1 3 6 9 12  
     I2.  Architectural Requirements 0 1 2 4 5 7  
CATEGORY I TOTAL  
J.  INFRASTRUCTURE  (Maximum Score = 25)  
     J1.  Water Treatment Requirements 0 1 3 5 7 10  
     J2.  Loading/Unloading/Storage Facilities Req’mts 0 1 3 5 7 10  
     J3.  Transportation Requirements 0 1 2 3 4 5  
CATEGORY J TOTAL  
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SECTION II - BASIS OF DESIGN (continued...) 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
K.  INSTRUMENT & ELECTRICAL  (Maximum Score = 46)  
     K1.  Control Philosophy 0 1 3 5 7 10  
     K2.  Logic Diagrams 0 1 2 3 3 4  
     K3.  Electrical Area Classifications 0 0 2 4 7 9  
     K4.  Substation Req’mts Power Sources Ident. 0 1 3 5 7 9  
     K5.  Electric Single Line Diagrams 0 1 2 4 6 8  
     K6.  Instrument & Electrical Specifications 0 1 2 3 5 6  
CATEGORY K TOTAL  
Section II Maximum Score = 391                     SECTION II TOTAL  
 
 
SECTION  III  -  EXECUTION APPROACH 
 Definition Level  
CATEGORY 
    Element 0 1 2 3 4 5 
Score 
P.  PROJECT EXECUTION PLAN  (Maximum Score = 9)  
    P4.  Pre-Commiss. Turnover Sequence Req’mts 0 1 1 2 4 5  
    P5.  Startup Requirements 0 0 1 2 3 4  
CATEGORY P TOTAL  
Section III Maximum Score = 9                      SECTION III TOTAL  
 
RAW MATURITY TOTAL SCORE  
                                                   (Maximum Score = 741) 
 
 
 
NORMALIZED FEED MATURITY SCORE  
 
Maturity Score Normalization Formula: The following formula converts the raw 
maturity score into an index between 0 and 100, with 100 having the highest possible 
maturity. Note: The normalization process flips the usual PDRI scoring where “lower is 
better,” to create a new maturity index where higher is better. 
 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑	𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦	𝑆𝑐𝑜𝑟𝑒 = (−0.1456 ∗ 𝑅𝑎𝑤	𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦	𝑇𝑜𝑡𝑎𝑙	𝑆𝑐𝑜𝑟𝑒) + 107.86 
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APPENDIX C 
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The following maturity element descriptions help generate a clear understanding of 
the terms used in the project score sheets. Some descriptions include checklists of sub-
elements. These sub-elements clarify concepts and facilitate ideas to make the assessment 
of each element easier. Note that these checklists are not all-inclusive and that the user may 
supplement them when necessary; also in some cases sub-element items in the checklists 
are not applicable, so the user should just ignore them. 
The element descriptions follow the order in which they are presented in the project 
score sheet; they are organized in a hierarchy by section, category, and then element. The 
score sheet consists of three main sections, each of which contains a series of categories 
broken down into elements. Note that some of the elements have issues listed that are 
specific to projects that are renovations and revamps or part of a repetitive program. 
Identified as “Additional items to consider for renovation & revamp projects” these issues 
should be used for discussion if applicable only. Users generate the score of each element 
by evaluating its definition level. 
It should be noted that FEED MATRS was developed to evaluate large industrial 
projects with value greater than $10 million. The sections, categories, and elements are 
organized as discussed below.  
SECTION I: BASIS OF PROJECT DECISION 
This section consists of information necessary for understanding the project objectives. 
The completeness of this section indicates whether the project team is aligned enough 
to fulfill the project’s business objectives and drivers during FEED. 
 
Categories: 
  193 
 
A – Manufacturing Objectives Criteria 
B – Business Objectives 
C – Basic Data Research & Development 
D – Project Scope 
SECTION II: BASIS OF DESIGN 
This section addresses processes and technical information elements that should be 
evaluated for a full understanding of the engineering/design requirements necessary 
for the project.   
Categories: 
F – Site Information 
G – Process / Mechanical 
H – Equipment Scope 
I – Civil, Structural, & Architectural 
J – Infrastructure  
K – Instrument & Electrical 
 
SECTION III: EXECUTION APPROACH 
This section consists of elements that should be evaluated for a full understanding of 
the owner’s strategy and required approach for executing the project construction and 
closeout. 
Categories: 
P – Project Execution Plan 
The following pages contain detailed descriptions for each element in the maturity 
matrix: 
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en
t 
¨
Eq
ui
pm
en
t m
on
ito
rin
g 
re
qu
ire
m
en
ts
 (e
.g
., 
vi
br
at
io
ns
 m
on
ito
rin
g)
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 re
pa
irs
 in
si
de
 o
r 
ou
ts
id
e 
th
e 
pl
an
t a
nd
 th
e 
tim
e 
an
d 
tra
ns
po
rta
tio
n 
ef
fo
rt 
fo
r t
ho
se
 a
ct
iv
iti
es
. A
dd
iti
on
al
ly
, r
el
ia
bi
lit
y 
m
od
el
s 
an
d 
si
m
ul
at
io
ns
 a
re
 ty
pi
ca
lly
 u
se
d 
to
 
va
lid
at
e 
on
-li
ne
 p
la
nt
 ti
m
e.
 
Not required for project. 
Th
e 
m
ai
nt
en
an
ce
 
ph
ilo
so
ph
y 
fo
r t
hi
s 
pr
oj
ec
t h
as
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ai
nt
en
an
ce
, o
pe
ra
tio
ns
, 
ow
ne
r r
ep
re
se
nt
at
iv
e,
 
an
d 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
m
ai
nt
en
an
ce
 
ph
ilo
so
ph
y 
al
ig
ns
 w
ith
 
or
ga
ni
za
tio
na
l g
ui
de
lin
es
 
an
d 
sp
ec
ifi
ca
tio
ns
, i
f 
av
ai
la
bl
e.
 It
 in
cl
ud
es
 
sc
he
du
le
d 
un
it/
eq
ui
pm
en
t 
sh
ut
do
w
n 
fre
qu
en
ci
es
 a
nd
 
du
ra
tio
ns
, m
ax
im
um
 w
ei
gh
t 
or
 s
iz
e 
re
qu
ire
m
en
ts
 fo
r 
av
ai
la
bl
e 
re
pa
ir 
eq
ui
pm
en
t 
an
d 
eq
ui
pm
en
t m
on
ito
rin
g 
re
qu
ire
m
en
ts
. 
M
os
t o
f t
he
 d
es
ig
n 
pr
in
ci
pl
es
 fo
r t
he
 
m
ai
nt
en
an
ce
 p
hi
lo
so
ph
y 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 
fu
lly
 a
pp
ro
ve
d.
 
 Th
e 
m
ai
nt
en
an
ce
 p
hi
lo
so
ph
y 
is
 u
nd
er
 re
vi
ew
. A
 fe
w
 is
su
es
 
su
ch
 a
s 
m
on
ito
rin
g 
fo
r 
se
le
ct
ed
 p
ie
ce
s 
of
 e
qu
ip
m
en
t 
an
d 
eq
ui
pm
en
t m
ai
nt
en
an
ce
 
ac
ce
ss
 h
av
e 
no
t b
ee
n 
co
m
pl
et
el
y 
de
fin
ed
.  
 
So
m
e 
de
si
gn
 p
rin
ci
pl
es
 
fo
r t
he
 m
ai
nt
en
an
ce
 
ph
ilo
so
ph
y 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 
 Is
su
es
 s
uc
h 
as
 e
qu
ip
m
en
t 
sh
ut
do
w
n 
fre
qu
en
ci
es
 a
nd
 
m
ec
ha
ni
ca
l e
qu
ip
m
en
t 
m
ai
nt
en
an
ce
 a
cc
es
s 
fo
r 
so
m
e 
po
rti
on
s 
of
 th
e 
fa
ci
lit
y 
ha
ve
 n
ot
 b
ee
n 
de
te
rm
in
ed
.  
Th
e 
m
ai
nt
en
an
ce
 
ph
ilo
so
ph
y 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d.
 
 So
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt.
 L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 h
as
 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
M
ai
nt
en
an
ce
 im
pa
ct
 o
f r
en
ov
at
io
n 
pr
oj
ec
ts
 
¨
C
om
m
on
/ s
pa
re
 p
ar
ts
 (r
ep
ai
r v
s.
 re
pl
ac
e 
ex
is
tin
g 
co
m
po
ne
nt
s)
 
¨
In
te
rru
pt
io
ns
 to
 e
xi
st
in
g 
an
d 
ad
ja
ce
nt
 
fa
ci
lit
ie
s 
du
rin
g 
R
&R
 w
or
k 
¨
C
om
pa
tib
ilit
y 
of
 m
ai
nt
en
an
ce
 p
hi
lo
so
ph
y 
fo
r 
ne
w
 s
ys
te
m
s 
an
d 
eq
ui
pm
en
t w
ith
 e
xi
st
in
g 
us
e 
an
d 
m
ai
nt
en
an
ce
 p
hi
lo
so
ph
y 
¨
C
oo
rd
in
at
io
n 
of
 th
e 
pr
oj
ec
t w
ith
 a
ny
 
m
ai
nt
en
an
ce
 p
ro
je
ct
s 
¨
Ti
e-
in
 p
oi
nt
s 
an
d 
in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
un
it 
fu
lly
 id
en
tif
ie
d 
Th
e 
m
ai
nt
en
an
ce
 im
pa
ct
, 
sp
ar
e 
pa
rts
, i
nt
er
ru
pt
io
ns
 to
 
fa
ci
lit
ie
s,
 c
om
pa
tib
ilit
y 
w
ith
 
ex
is
tin
g 
us
e,
 c
oo
rd
in
at
io
n 
w
ith
 m
ai
nt
en
an
ce
 p
ro
je
ct
s,
 
tie
-in
 p
oi
nt
s 
an
d 
in
te
rfa
ce
 
w
ith
 e
xi
st
in
g 
fa
ci
lit
ie
s 
ha
ve
 
be
en
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
. 
 
M
os
t o
f t
he
 m
ai
nt
en
an
ce
 
im
pa
ct
s,
 s
pa
re
 p
ar
ts
, 
in
te
rru
pt
io
ns
 to
 fa
ci
lit
ie
s,
 
co
m
pa
tib
ilit
y 
w
ith
 e
xi
st
in
g 
us
e,
 c
oo
rd
in
at
io
n 
w
ith
 
m
ai
nt
en
an
ce
 p
ro
je
ct
s,
 ti
e-
in
 
po
in
ts
, a
nd
 in
te
rfa
ce
 w
ith
 
ex
is
tin
g 
fa
ci
lit
ie
s,
 h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 fu
lly
 
ap
pr
ov
ed
. 
 
So
m
e 
of
 th
e 
m
ai
nt
en
an
ce
 
im
pa
ct
s,
 s
pa
re
 p
ar
ts
, a
nd
 
in
te
rru
pt
io
ns
 to
 fa
ci
lit
ie
s,
 
co
m
pa
tib
ilit
y 
w
ith
 e
xi
st
in
g 
us
e,
 a
nd
 c
oo
rd
in
at
io
n 
w
ith
 
m
ai
nt
en
an
ce
 p
ro
je
ct
s,
 ti
e-
in
 p
oi
nt
s,
 a
nd
 in
te
rfa
ce
 
w
ith
 e
xi
st
in
g 
fa
ci
lit
ie
s 
ha
ve
 
be
en
 d
oc
um
en
te
d.
 
 
Th
e 
m
ai
nt
en
an
ce
 
im
pa
ct
, s
pa
re
 p
ar
ts
, 
in
te
rru
pt
io
ns
 to
 
fa
ci
lit
ie
s,
 c
om
pa
tib
ilit
y 
w
ith
 e
xi
st
in
g 
us
e,
 
co
or
di
na
tio
n 
w
ith
 
m
ai
nt
en
an
ce
 p
ro
je
ct
s,
 
tie
-in
 p
oi
nt
s,
 a
nd
 
in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
fa
ci
lit
ie
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d.
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R
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C
R
IT
ER
IA
 
0 
1 
2 
3 
4 
5 
A
3.
 O
pe
ra
tin
g 
Ph
ilo
so
ph
y 
A 
lis
t o
f t
he
 g
en
er
al
 d
es
ig
n 
pr
in
ci
pl
es
 th
at
 n
ee
d 
to
 b
e 
co
ns
id
er
ed
 to
 a
ch
ie
ve
 th
e 
pr
oj
ec
te
d 
ov
er
al
l p
er
fo
rm
an
ce
 re
qu
ire
m
en
ts
 (s
uc
h 
as
 o
n-
st
re
am
 ti
m
e 
or
 s
er
vi
ce
 fa
ct
or
) f
or
 th
e 
un
it/
fa
ci
lit
y 
or
 u
pg
ra
de
. E
va
lu
at
io
n 
cr
ite
ria
 s
ho
ul
d 
in
cl
ud
e:
 
 ¨
Le
ve
l o
f o
pe
ra
to
r c
ov
er
ag
e 
an
d 
au
to
m
at
ic
 c
on
tro
l t
o 
be
 p
ro
vi
de
d 
¨
O
pe
ra
tin
g 
tim
e 
se
qu
en
ce
 (r
an
gi
ng
 fr
om
 
co
nt
in
uo
us
 o
pe
ra
tio
n 
to
 fi
ve
 d
ay
, d
ay
 
sh
ift
 o
nl
y)
 
¨
N
ec
es
sa
ry
 le
ve
l o
f s
eg
re
ga
tio
n 
an
d 
cl
ea
n 
ou
t b
et
w
ee
n 
ba
tc
he
s 
or
 ru
ns
 
¨
D
es
ire
d 
un
it 
tu
rn
do
w
n 
ca
pa
bi
lit
y 
¨
D
es
ig
n 
re
qu
ire
m
en
ts
 fo
r r
ou
tin
e 
st
ar
tu
p 
an
d 
sh
ut
do
w
n 
¨
D
es
ig
n 
to
 p
ro
vi
de
 s
ec
ur
ity
 p
ro
te
ct
io
n 
fo
r 
m
at
er
ia
l m
an
ag
em
en
t a
nd
 p
ro
du
ct
 
co
nt
ro
l 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 a
 p
ro
ce
ss
 h
az
ar
d 
an
al
ys
is
 (P
H
A
) s
tu
dy
 is
 p
la
nn
ed
 to
 a
ss
ur
e 
sa
fe
ty
 o
pe
ra
tio
n 
Not required for project. 
Th
e 
op
er
at
in
g 
ph
ilo
so
ph
y 
fo
r t
hi
s 
pr
oj
ec
t h
as
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ai
nt
en
an
ce
, o
pe
ra
tio
ns
, 
ow
ne
r r
ep
re
se
nt
at
iv
e,
 
an
d 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
op
er
at
in
g 
ph
ilo
so
ph
y 
al
ig
ns
 w
ith
 o
rg
an
iz
at
io
na
l 
gu
id
el
in
es
 a
nd
 
sp
ec
ifi
ca
tio
ns
, i
f a
va
ila
bl
e.
 
It 
in
cl
ud
es
 le
ve
l o
f o
pe
ra
to
r 
co
ve
ra
ge
 a
nd
 a
ut
om
at
ic
 
co
nt
ro
l o
pe
ra
tin
g 
tim
e 
se
qu
en
ce
, n
ec
es
sa
ry
 le
ve
l 
of
 s
eg
re
ga
tio
n 
an
d 
cl
ea
n 
ou
t b
et
w
ee
n 
ba
tc
he
s 
or
 
ru
ns
, d
es
ire
d 
un
it 
tu
rn
do
w
n 
ca
pa
bi
lit
y,
 d
es
ig
n 
re
qu
ire
m
en
ts
 fo
r r
ou
tin
e 
st
ar
tu
p 
an
d 
sh
ut
do
w
n,
 
de
si
gn
 to
 p
ro
vi
de
 s
ec
ur
ity
 
pr
ot
ec
tio
n 
fo
r m
at
er
ia
l 
m
an
ag
em
en
t a
nd
 p
ro
du
ct
 
co
nt
ro
l. 
M
os
t d
es
ig
n 
pr
in
ci
pl
es
 
fo
r t
he
 o
pe
ra
tin
g 
ph
ilo
so
ph
y 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 
fu
lly
 a
pp
ro
ve
d.
 
 Th
e 
op
er
at
in
g 
ph
ilo
so
ph
y 
is
 u
nd
er
 re
vi
ew
. A
 fe
w
 
is
su
es
 s
uc
h 
as
 o
pe
ra
tin
g 
tim
e 
se
qu
en
ce
 a
nd
 
ro
ut
in
e 
st
ar
t u
p 
/ 
sh
ut
do
w
n 
re
qu
ire
m
en
ts
 
ha
ve
 n
ot
 b
ee
n 
co
m
pl
et
el
y 
de
fin
ed
. 
So
m
e 
de
si
gn
 
pr
in
ci
pl
es
 fo
r t
he
 
op
er
at
in
g 
ph
ilo
so
ph
y 
ha
ve
 b
ee
n 
do
cu
m
en
te
d.
 
 O
pe
ra
tin
g 
de
si
gn
 
pr
in
ci
pl
es
 s
uc
h 
as
 th
e 
le
ve
l o
f o
pe
ra
to
r 
co
ve
ra
ge
, a
ut
om
at
ic
 
co
nt
ro
ls
, a
nd
 s
ec
ur
ity
 
pr
ot
ec
tio
n,
 h
av
e 
ye
t t
o 
be
 d
ev
el
op
ed
. 
Th
e 
ap
pl
ic
ab
le
 
op
er
at
in
g 
de
si
gn
 
pr
in
ci
pl
es
 h
av
e 
be
en
 
id
en
tif
ie
d.
 
 So
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt.
 L
itt
le
 m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
lit
tle
 h
as
 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
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0 
1 
2 
3 
4 
5 
B
1.
 P
ro
du
ct
s 
 A 
lis
t o
f p
ro
du
ct
(s
) t
o 
be
 m
an
uf
ac
tu
re
d 
an
d/
or
 
th
e 
sp
ec
ifi
ca
tio
ns
 a
nd
 to
le
ra
nc
es
 th
at
 th
e 
pr
oj
ec
t i
s 
in
te
nd
ed
 to
 d
el
iv
er
. I
t s
ho
ul
d 
ad
dr
es
s 
ite
m
s 
su
ch
 a
s:
 
 ¨
C
he
m
ic
al
 c
om
po
si
tio
n 
¨
Ph
ys
ic
al
 fo
rm
/p
ro
pe
rti
es
 
¨
R
aw
 m
at
er
ia
ls
 
¨
Pa
ck
ag
in
g 
¨
In
te
rm
ed
ia
te
/fi
na
l p
ro
du
ct
 fo
rm
 
¨
Al
lo
w
ab
le
 im
pu
rit
ie
s 
¨
By
-p
ro
du
ct
s 
¨
W
as
te
s 
¨
H
az
ar
ds
 a
ss
oc
ia
te
d 
w
ith
 p
ro
du
ct
s 
¨
O
th
er
 
 
Fo
r p
ro
je
ct
s 
th
at
 d
o 
no
t a
pp
ly
 d
ire
ct
ly
 to
 
pr
od
uc
ts
 (e
.g
., 
in
st
ru
m
en
t u
pg
ra
de
, 
en
vi
ro
nm
en
ta
l i
m
pr
ov
em
en
ts
, s
tru
ct
ur
al
 
in
te
gr
ity
, r
eg
ul
at
or
y 
co
m
pl
ia
nc
e,
 in
fra
st
ru
ct
ur
e 
im
pr
ov
em
en
t, 
et
c.
), 
th
is
 e
le
m
en
t s
ho
ul
d 
be
 
co
ns
id
er
ed
 n
ot
 a
pp
lic
ab
le
. 
 C
om
m
en
ts
 o
n 
Is
su
es
: 
Th
e 
lis
t o
f p
ro
du
ct
(s
) t
yp
ic
al
ly
 a
ls
o 
in
cl
ud
es
: 
¨
P
ro
du
ct
s 
pr
od
uc
ed
 a
t t
he
 u
ni
t; 
¨
P
ro
du
ct
s 
co
m
in
g 
fro
m
 a
 th
ird
 p
ar
ty
 
co
m
pa
ny
; 
¨
P
ro
du
ct
s 
di
st
an
ce
 a
nd
 ti
m
e 
to
 b
e 
av
ai
la
bl
e 
at
 th
e 
pl
an
t 
A
dd
iti
on
al
ly
, t
he
 li
st
 o
f p
ro
du
ct
(s
) t
yp
ic
al
ly
 
co
ns
id
er
s 
in
te
gr
at
io
n 
w
ith
 o
th
er
 o
ng
oi
ng
 
pr
oj
ec
ts
 o
r e
xi
st
in
g 
fa
ci
lit
ie
s,
 if
 a
ny
. 
Not required for project. 
A
ll 
pr
od
uc
ts
 fo
r t
hi
s 
pr
oj
ec
t h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ar
ke
tin
g 
de
pa
rt
m
en
t, 
m
ai
nt
en
an
ce
, o
pe
ra
tio
ns
, 
ow
ne
r r
ep
re
se
nt
at
iv
e,
 
an
d 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
pr
od
uc
ts
 a
lig
n 
w
ith
 
or
ga
ni
za
tio
na
l g
ui
de
lin
es
 
an
d 
sp
ec
ifi
ca
tio
ns
, i
f 
av
ai
la
bl
e.
 F
or
 e
ac
h 
pr
od
uc
t 
th
is
 in
cl
ud
es
 c
he
m
ic
al
 
co
m
po
si
tio
n,
 p
hy
si
ca
l 
fo
rm
/p
ro
pe
rti
es
, r
aw
 
m
at
er
ia
ls
, p
ac
ka
gi
ng
, 
in
te
rm
ed
ia
te
/fi
na
l p
ro
du
ct
 
fo
rm
, a
llo
w
ab
le
 im
pu
rit
ie
s,
 
by
-p
ro
du
ct
s,
 w
as
te
s,
 a
nd
 
ha
za
rd
s.
 
M
os
t p
ro
du
ct
 d
es
ig
n 
an
d 
m
an
uf
ac
tu
rin
g 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
 A 
fe
w
 is
su
es
 s
uc
h 
as
 
sp
ec
ifi
ca
tio
ns
 a
nd
 
to
le
ra
nc
es
 fo
r s
el
ec
te
d 
pr
od
uc
ts
 h
av
e 
no
t b
ee
n 
co
m
pl
et
el
y 
de
fin
ed
. 
So
m
e 
pr
od
uc
t 
de
si
gn
 a
nd
 
m
an
uf
ac
tu
rin
g 
sp
ec
ifi
ca
tio
ns
 h
av
e 
no
t b
ee
n 
de
ve
lo
pe
d.
 
 Is
su
es
 s
uc
h 
as
 b
y-
pr
od
uc
ts
, a
llo
w
ab
le
 
im
pu
rit
ie
s,
 a
nd
 w
as
te
s 
ar
e 
ye
t t
o 
be
 d
ef
in
ed
. 
Th
e 
ap
pl
ic
ab
le
 
pr
od
uc
t d
es
ig
n 
an
d 
m
an
uf
ac
tu
rin
g 
sp
ec
ifi
ca
tio
ns
 
ha
ve
 b
ee
n 
id
en
tif
ie
d.
 
 So
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 th
is
 
ef
fo
rt.
 L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
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D
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N
/A
 
B
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T 
  
M
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M
 
W
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R
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B
.
B
U
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N
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S 
O
B
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C
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S 
0 
1 
2 
3 
4 
5 
B
5.
 C
ap
ac
iti
es
 
Th
e 
de
si
gn
 o
ut
pu
t o
r b
en
ef
its
 to
 b
e 
ga
in
ed
 fr
om
 
th
is
 p
ro
je
ct
 s
ho
ul
d 
be
 d
oc
um
en
te
d.
 C
ap
ac
iti
es
 
ar
e 
us
ua
lly
 d
ef
in
ed
 in
 te
rm
s 
of
: 
 ¨
O
n-
st
re
am
 fa
ct
or
s 
¨
Yi
el
d 
¨
D
es
ig
n 
ra
te
 
¨
In
cr
ea
se
 in
 s
to
ra
ge
 o
r t
hr
ou
gh
pu
t 
¨
R
eg
ul
at
or
y-
dr
iv
en
 re
qu
ire
m
en
ts
 
¨
Pr
od
uc
t q
ua
lit
y 
im
pr
ov
em
en
t 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 s
to
ra
ge
 in
si
de
 th
e 
pl
an
t o
r o
ut
si
de
 s
to
ra
ge
 a
re
as
 c
lo
se
 to
 th
e 
di
st
rib
ut
io
n 
ce
nt
er
s,
 if
 n
ec
es
sa
ry
 
Not required for project. 
Th
e 
ca
pa
ci
tie
s 
fo
r t
hi
s 
pr
oj
ec
t h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ar
ke
tin
g 
de
pa
rt
m
en
t, 
en
gi
ne
er
in
g,
 
m
ai
nt
en
an
ce
, 
op
er
at
io
ns
, o
w
ne
r 
re
pr
es
en
ta
tiv
es
, a
nd
 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
ca
pa
ci
ty
 a
lig
ns
 w
ith
 
or
ga
ni
za
tio
na
l g
ui
de
lin
es
 
an
d 
sp
ec
ifi
ca
tio
ns
, i
f 
av
ai
la
bl
e.
 It
 a
dd
re
ss
es
 
on
-s
tre
am
 fa
ct
or
s,
 y
ie
ld
, 
de
si
gn
 ra
te
, i
nc
re
as
e 
in
 
st
or
ag
e 
or
 th
ro
ug
hp
ut
, 
re
gu
la
to
ry
-d
riv
en
 
re
qu
ire
m
en
ts
, a
nd
 
pr
od
uc
t q
ua
lit
y 
im
pr
ov
em
en
t. 
M
os
t c
ap
ac
ity
 d
es
ig
n 
ou
tp
ut
 is
su
es
 h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
 A 
fe
w
 is
su
es
 s
uc
h 
as
 
re
gu
la
to
ry
 d
riv
en
 
re
qu
ire
m
en
ts
 o
r p
ro
du
ct
 
qu
al
ity
 im
pr
ov
em
en
t 
ex
pe
ct
at
io
ns
 h
av
e 
no
t 
be
en
 c
om
pl
et
el
y 
de
fin
ed
. 
So
m
e 
ca
pa
ci
ty
 d
es
ig
n 
ou
tp
ut
 is
su
es
 h
av
e 
be
en
 d
ev
el
op
ed
. 
 Ite
m
s 
su
ch
 a
s 
on
-s
tre
am
 
fa
ct
or
s 
an
d 
de
si
gn
 ra
te
 
ac
ce
ss
 fo
r a
ll 
po
rti
on
s 
of
 
th
e 
fa
ci
lit
y 
ar
e 
ye
t t
o 
be
 
de
ve
lo
pe
d.
 
C
ap
ac
ity
 d
es
ig
n 
ou
tp
ut
 a
nd
 / 
or
 
be
ne
fit
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d.
 
 So
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt.
 L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
Not yet started. 
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N
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B
ES
T 
  
M
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M
 
W
O
R
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B
.
B
U
SI
N
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S 
O
B
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C
TI
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S 
0 
1 
2 
3 
4 
5 
B
6.
 F
ut
ur
e 
Ex
pa
ns
io
n 
C
on
si
de
ra
tio
ns
 
A 
lis
t o
f i
te
m
s 
to
 b
e 
co
ns
id
er
ed
 in
 th
e 
un
it 
de
si
gn
 
th
at
 w
ill 
fa
ci
lit
at
e 
fu
tu
re
 e
xp
an
si
on
 s
ho
ul
d 
be
 
de
ve
lo
pe
d.
 E
va
lu
at
io
n 
cr
ite
ria
 m
ay
 in
cl
ud
e:
 
 ¨
Pr
ov
id
in
g 
sp
ac
e 
fo
r f
ut
ur
e 
eq
ui
pm
en
t o
r 
ph
as
ed
 d
ev
el
op
m
en
t  
¨
G
ui
de
lin
es
 fo
r o
ve
r d
es
ig
n 
of
 s
ys
te
m
s 
to
 
al
lo
w
 fo
r a
dd
iti
on
s.
 F
or
 e
xa
m
pl
e,
 e
xt
ra
 
po
w
er
, s
tru
ct
ur
e,
 s
to
ra
ge
, o
r c
on
tro
l 
de
vi
ce
s 
¨
G
ui
de
lin
es
 fo
r d
es
ig
n 
th
at
 c
on
si
de
rs
 fu
tu
re
 
ex
pa
ns
io
n 
w
ith
ou
t c
om
pr
om
is
in
g 
on
-g
oi
ng
 
op
er
at
io
ns
, s
af
et
y 
or
 s
ec
ur
ity
. F
or
 
ex
am
pl
e,
 p
ro
vi
di
ng
 ti
e-
in
s 
fo
r f
ut
ur
e 
ex
pa
ns
io
n 
w
ith
ou
t n
ec
es
si
ta
tin
g 
a 
sh
ut
do
w
n 
 
¨
En
vi
ro
nm
en
ta
l c
on
si
de
ra
tio
ns
 a
nd
 im
pa
ct
s 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 a
va
ila
bi
lit
y 
of
 
ut
ili
tie
s 
su
ch
 a
s 
w
at
er
, s
te
am
, c
om
pr
es
se
d 
ai
r, 
et
c.
 F
ut
ur
e 
ex
pa
ns
io
n 
co
ul
d 
in
vo
lv
e 
sp
ec
ifi
c 
co
nt
ra
ct
s 
w
ith
 th
ird
-p
ar
ty
 c
om
pa
ni
es
. 
 C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 
ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
 A
dd
iti
on
al
ly
, f
ut
ur
e 
ex
pa
ns
io
n 
co
ns
id
er
at
io
ns
 c
an
 
ad
dr
es
s 
ho
w
 m
uc
h 
st
ru
ct
ur
e 
an
d 
ca
pa
ci
ty
 is
 p
re
-
in
ve
st
ed
 fo
r u
til
iti
es
, i
nf
ra
st
ru
ct
ur
e 
ex
pa
ns
io
n,
 
et
c.
 
Not required for project. 
Th
e 
fu
tu
re
 e
xp
an
si
on
 
co
ns
id
er
at
io
ns
 fo
r t
hi
s 
pr
oj
ec
t h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ar
ke
tin
g 
de
pa
rt
m
en
t, 
m
ai
nt
en
an
ce
, 
op
er
at
io
ns
, o
w
ne
r 
re
pr
es
en
ta
tiv
e,
 a
nd
 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
co
ns
id
er
at
io
ns
 a
lig
n 
w
ith
 o
rg
an
iz
at
io
na
l 
gu
id
el
in
es
 a
nd
 
sp
ec
ifi
ca
tio
ns
, i
f a
va
ila
bl
e.
 
Th
ey
 a
dd
re
ss
 p
ro
vi
di
ng
 
sp
ac
e 
fo
r f
ut
ur
e 
eq
ui
pm
en
t o
r p
ha
se
d 
de
ve
lo
pm
en
t, 
gu
id
el
in
es
 
fo
r o
ve
r d
es
ig
n 
of
 
sy
st
em
s 
to
 a
llo
w
 fo
r 
ad
di
tio
ns
, g
ui
de
lin
es
 fo
r 
de
si
gn
 th
at
 c
on
si
de
rs
 
fu
tu
re
 e
xp
an
si
on
 w
ith
ou
t 
co
m
pr
om
is
in
g 
on
-g
oi
ng
 
op
er
at
io
ns
, s
af
et
y 
or
 
se
cu
rit
y,
 a
nd
 
en
vi
ro
nm
en
ta
l 
co
ns
id
er
at
io
ns
 a
nd
 
im
pa
ct
s.
 
M
os
t o
f t
he
 fu
tu
re
 
ex
pa
ns
io
n 
co
ns
id
er
at
io
ns
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
 A 
fe
w
 is
su
es
 s
uc
h 
as
 
en
vi
ro
nm
en
ta
l 
co
ns
id
er
at
io
ns
 a
nd
 
im
pa
ct
s 
ha
ve
 n
ot
 b
ee
n 
co
m
pl
et
el
y 
de
fin
ed
. 
So
m
e 
of
 th
e 
fu
tu
re
 
ex
pa
ns
io
n 
co
ns
id
er
at
io
ns
 h
av
e 
be
en
 d
ev
el
op
ed
. 
 Is
su
es
 s
uc
h 
as
 
gu
id
el
in
es
 fo
r o
ve
r 
de
si
gn
 o
f s
ys
te
m
s 
to
 
al
lo
w
 fo
r a
dd
iti
on
s 
an
d 
sp
ac
e 
fo
r f
ut
ur
e 
eq
ui
pm
en
t h
av
e 
no
t 
be
en
 a
dd
re
ss
ed
. 
Fu
tu
re
 e
xp
an
si
on
 
co
ns
id
er
at
io
ns
 h
av
e 
be
en
 id
en
tif
ie
d.
 
 So
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt.
 L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 h
as
 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
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.
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B
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C
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VE
S 
0 
1 
2 
3 
4 
5 
B7
. E
xp
ec
te
d 
Pr
oj
ec
t L
ife
 C
yc
le
  
 Th
e 
tim
e 
pe
rio
d 
th
at
 th
e 
fa
ci
lit
y 
is
 
ex
pe
ct
ed
 to
 b
e 
ab
le
 to
 s
at
is
fy
 th
e 
pr
od
uc
ts
 
an
d 
ca
pa
ci
tie
s 
re
qu
ire
d 
sh
ou
ld
 b
e 
do
cu
m
en
te
d.
 T
he
 li
fe
 c
yc
le
 w
ill 
af
fe
ct
 th
e 
se
le
ct
io
n 
of
 c
rit
ic
al
 e
qu
ip
m
en
t, 
m
at
er
ia
ls
, 
an
d 
co
nt
ro
l d
ev
ic
es
. R
eq
ui
re
m
en
ts
 fo
r 
ul
tim
at
e 
di
sp
os
al
 a
nd
 d
is
m
an
tli
ng
 s
ho
ul
d 
al
so
 b
e 
co
ns
id
er
ed
. I
ss
ue
s 
to
 c
on
si
de
r 
m
ay
 in
cl
ud
e:
 
 ¨
O
pe
ra
tin
g 
lif
e 
cy
cl
e 
(i.
e.
, 1
0,
 1
5,
 2
0 
ye
ar
s)
 
¨
C
os
t o
f u
lti
m
at
e 
di
sm
an
tli
ng
 a
nd
 
di
sp
os
al
 
¨
D
is
po
sa
l o
f h
az
ar
do
us
 m
at
er
ia
ls
 
¨
Po
ss
ib
le
 fu
tu
re
 u
se
s 
¨
En
vi
ro
nm
en
ta
l s
us
ta
in
ab
ilit
y 
co
ns
id
er
at
io
ns
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 ti
m
e 
de
fin
iti
on
 fo
r t
he
 R
et
ur
n 
on
 In
ve
st
m
en
ts
 
(R
oI
) f
or
 th
e 
pr
oj
ec
t. 
 C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t s
ho
ul
d 
be
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
ex
pe
ct
ed
 p
ro
je
ct
 
lif
e 
cy
cl
e 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ap
pr
op
ria
te
 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ar
ke
tin
g 
de
pa
rtm
en
t, 
m
ai
nt
en
an
ce
, 
op
er
at
io
ns
, o
w
ne
r 
re
pr
es
en
ta
tiv
e,
 a
nd
 
fa
ci
lit
y 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
pr
oj
ec
t l
ife
 c
yc
le
 
al
ig
ns
 w
ith
 o
rg
an
iz
at
io
na
l 
gu
id
el
in
es
 a
nd
 
sp
ec
ifi
ca
tio
ns
, i
f 
av
ai
la
bl
e.
 T
he
se
 in
cl
ud
e 
op
er
at
in
g 
lif
e 
cy
cl
e,
 c
os
t 
of
 u
lti
m
at
e 
di
sm
an
tli
ng
 
an
d 
di
sp
os
al
, d
is
po
sa
l o
f 
ha
za
rd
ou
s 
m
at
er
ia
ls
, 
po
ss
ib
le
 fu
tu
re
 u
se
s,
 a
nd
 
en
vi
ro
nm
en
ta
l 
su
st
ai
na
bi
lit
y 
co
ns
id
er
at
io
ns
. 
M
os
t o
f t
he
 e
xp
ec
te
d 
pr
oj
ec
t l
ife
 c
yc
le
 
co
ns
id
er
at
io
ns
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
 A 
fe
w
 is
su
es
 s
uc
h 
as
 
po
ss
ib
le
 fu
tu
re
 u
se
s 
of
 
th
e 
fa
ci
lit
y 
or
 
su
st
ai
na
bi
lit
y 
co
ns
id
er
at
io
ns
 h
av
e 
no
t b
ee
n 
co
m
pl
et
el
y 
de
fin
ed
.  
So
m
e 
ex
pe
ct
ed
 
pr
oj
ec
t l
ife
 c
yc
le
 
co
ns
id
er
at
io
ns
 
ha
ve
 b
ee
n 
ad
dr
es
se
d.
  
 So
m
e 
ite
m
s 
su
ch
 
as
 d
is
po
sa
l o
f 
ha
za
rd
ou
s 
m
at
er
ia
ls
 a
nd
 
di
sm
an
tli
ng
 c
os
ts
 
co
ns
id
er
at
io
ns
 
ha
ve
 n
ot
 b
ee
n 
ad
dr
es
se
d.
  
Th
e 
ex
pe
ct
ed
 
pr
oj
ec
t l
ife
 c
yc
le
 
pr
in
ci
pl
es
 h
av
e 
be
en
 id
en
tif
ie
d.
  
 So
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 
ap
pl
ie
d 
to
 th
is
 
ef
fo
rt.
 L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
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SE
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 B
AS
IS
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F 
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O
JE
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 D
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IO
N
 
De
fin
iti
on
 L
ev
el
 
 
N/
A
 
BE
ST
 
  
M
ED
IU
M
 
W
O
RS
T 
C.
  B
AS
IC
 D
AT
A 
RE
SE
AR
CH
 &
 
DE
VE
LO
PM
EN
T 
0 
1 
2 
3 
4 
5 
C1
. T
ec
hn
ol
og
y 
 
Th
e 
te
ch
no
lo
gy
(ie
s)
 b
ei
ng
 u
se
d 
in
 th
is
 p
ro
je
ct
 to
 
ga
in
 th
e 
de
si
re
d 
re
su
lts
 s
ho
ul
d 
be
 id
en
tif
ie
d.
 
Te
ch
no
lo
gi
es
 m
ay
 in
cl
ud
e 
ch
em
ic
al
, b
io
lo
gi
ca
l, 
or
 m
ec
ha
ni
ca
l p
ro
ce
ss
es
, a
s 
w
el
l a
s 
in
fo
rm
at
io
n 
te
ch
no
lo
gy
. P
ro
ve
n 
te
ch
no
lo
gy
 in
vo
lv
es
 le
ss
 ri
sk
 
th
an
 e
xp
er
im
en
ta
l t
ec
hn
ol
og
y 
to
 p
ro
je
ct
 c
os
t o
r 
sc
he
du
le
. I
ss
ue
s 
to
 e
va
lu
at
e 
w
he
n 
as
se
ss
in
g 
te
ch
no
lo
gi
es
 in
cl
ud
e:
 
 ¨
Ex
is
tin
g/
pr
ov
en
 o
r d
up
lic
at
e 
¨
N
ew
 
¨
Ex
pe
rim
en
ta
l 
¨
Sc
al
e 
up
 fr
om
 b
en
ch
 o
r p
ilo
t a
pp
lic
at
io
n 
to
 
co
m
m
er
ci
al
 s
ca
le
 
¨
O
rg
an
iz
at
io
n’
s 
ex
pe
rie
nc
e 
w
ith
 th
e 
te
ch
no
lo
gy
 
¨
So
ftw
ar
e 
de
ve
lo
pm
en
t 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
Te
ch
no
lo
gy
(ie
s)
 s
el
ec
tio
n 
is
 th
e 
pr
oc
es
s 
of
 
ch
oo
si
ng
 th
e 
rig
ht
 m
ix
 o
f n
ew
 o
r u
np
ro
ve
n 
te
ch
no
lo
gy
, a
lo
ng
 w
ith
 th
e 
ap
pl
ic
at
io
n 
of
 e
xi
st
in
g 
te
ch
no
lo
gy
 to
 n
ew
 o
r d
iff
er
en
t u
se
s,
 o
r t
he
 
co
m
bi
na
tio
n 
of
 e
xi
st
in
g 
an
d 
pr
ov
en
 te
ch
no
lo
gy
 to
 
ac
hi
ev
e 
a 
sp
ec
ifi
c 
go
al
. 
 O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 m
ai
n 
lic
en
so
rs
 
re
qu
ire
m
en
ts
 fo
r t
he
 p
ro
je
ct
, i
nt
er
fa
ce
s 
w
ith
 
lic
en
so
rs
 d
ur
in
g 
de
si
gn
, c
on
st
ru
ct
io
n,
 a
nd
 s
ta
rt-
up
/c
om
m
is
si
on
in
g,
 w
ar
ra
nt
ie
s,
 li
ce
ns
e 
fe
es
, a
nd
 
co
nt
ro
l s
ys
te
m
s 
Not required for project. 
Te
ch
no
lo
gy
 p
la
nn
in
g 
st
ud
ie
s 
fo
r t
he
 c
ho
se
n 
op
tim
al
 te
ch
no
lo
gi
es
 h
av
e 
be
en
 a
pp
ro
ve
d 
by
 k
ey
 
st
ak
eh
ol
de
rs
 (e
.g
., 
bu
si
ne
ss
 u
ni
t, 
m
ai
nt
en
an
ce
, a
nd
 
op
er
at
io
ns
) a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
 Th
e 
te
ch
no
lo
gy
 c
ho
ic
e 
w
as
 
ap
pr
ov
ed
 b
y 
th
e 
bu
si
ne
ss
 
un
it,
 m
ai
nt
en
an
ce
, a
nd
 
op
er
at
io
ns
. T
he
 b
as
is
 fo
r 
te
ch
no
lo
gy
 s
el
ec
tio
n 
ha
s 
be
en
 d
oc
um
en
te
d 
an
d 
is
 
ba
se
d 
on
 re
lia
bl
e 
op
er
at
io
na
l 
da
ta
 fo
r s
im
ila
r e
xi
st
in
g 
fa
ci
lit
ie
s.
 T
he
 te
ch
no
lo
gy
 
se
le
ct
io
n 
pr
oc
es
s 
ev
al
ua
te
d 
su
ch
 fa
ct
or
s 
as
 c
ap
ita
l a
nd
 
op
er
at
in
g 
co
st
, r
el
ia
bi
lit
y,
 
m
ai
nt
ai
na
bi
lit
y,
 p
ro
ce
ss
 ri
sk
 
ev
al
ua
tio
n,
 e
nv
iro
nm
en
ta
l 
co
ns
id
er
at
io
ns
, a
nd
 
te
ch
no
lo
gi
ca
l o
bs
ol
es
ce
nc
e.
 
M
os
t t
ec
hn
ol
og
y 
pl
an
ni
ng
 s
tu
di
es
 to
 s
el
ec
t 
th
e 
op
tim
al
 te
ch
no
lo
gi
es
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
 Th
e 
te
ch
no
lo
gy
 c
ho
ic
e 
is
 in
 
th
e 
pr
oc
es
s 
of
 b
ei
ng
 
ap
pr
ov
ed
 b
y 
th
e 
bu
si
ne
ss
 
un
it,
 m
ai
nt
en
an
ce
, a
nd
 
op
er
at
io
ns
. T
he
 b
as
is
 fo
r 
te
ch
no
lo
gy
 s
el
ec
tio
n 
ha
s 
be
en
 d
oc
um
en
te
d 
an
d 
is
 
ba
se
d 
on
 e
ith
er
 b
en
ch
 
sc
al
e 
or
 p
ilo
t p
la
nt
 d
at
a 
fo
r 
ne
w
 te
ch
no
lo
gi
es
 th
at
 v
er
ify
 
in
iti
al
 a
ss
um
pt
io
ns
 re
la
tiv
e 
to
 s
ys
te
m
 o
r p
ro
ce
ss
 
pe
rfo
rm
an
ce
 o
r r
el
ia
bl
e 
op
er
at
io
na
l d
at
a 
fo
r s
im
ila
r 
ex
is
tin
g 
fa
ci
lit
ie
s.
 T
he
 
te
ch
no
lo
gy
 s
el
ec
tio
n 
pr
oc
es
s 
ev
al
ua
te
d 
su
ch
 
fa
ct
or
s 
as
 c
ap
ita
l a
nd
 
op
er
at
in
g 
co
st
s,
 re
lia
bi
lit
y,
 
m
ai
nt
ai
na
bi
lit
y,
 
en
vi
ro
nm
en
ta
l 
co
ns
id
er
at
io
ns
, p
ro
ce
ss
 ri
sk
 
ev
al
ua
tio
n,
 a
nd
 
te
ch
no
lo
gi
ca
l 
ob
so
le
sc
en
ce
. 
So
m
e 
pr
el
im
in
ar
y 
te
ch
no
lo
gy
 p
la
nn
in
g 
st
ud
ie
s 
ha
ve
 b
ee
n 
pe
rfo
rm
ed
 a
s 
a 
ba
si
s 
to
 
se
le
ct
 th
e 
op
tim
al
 
te
ch
no
lo
gi
es
. 
 Th
e 
ba
si
s 
fo
r t
ec
hn
ol
og
y 
se
le
ct
io
n 
ut
iliz
es
 e
ith
er
 
be
nc
h 
sc
al
e 
or
 p
ilo
t p
la
nt
 
da
ta
 fo
r n
ew
 te
ch
no
lo
gi
es
 
or
 re
lia
bl
e 
op
er
at
io
na
l d
at
a 
fo
r s
im
ila
r e
xi
st
in
g 
fa
ci
lit
ie
s.
 
Ad
di
tio
na
l i
nf
or
m
at
io
n 
fro
m
 
on
e 
or
 b
ot
h 
of
 th
es
e 
so
ur
ce
s 
is
 re
qu
ire
d 
to
 
co
m
pl
et
e 
th
e 
st
ud
y.
 W
he
n 
th
e 
st
ud
y 
is
 c
om
pl
et
ed
, i
t 
w
ill 
be
 s
ub
m
itt
ed
 to
 th
e 
sp
on
so
r, 
m
ai
nt
en
an
ce
, a
nd
 
op
er
at
io
ns
 fo
r r
ev
ie
w
. 
Te
ch
no
lo
gy
 p
la
nn
in
g 
st
ud
ie
s 
ha
ve
 b
ee
n 
in
iti
at
ed
 to
 s
el
ec
t t
he
 
op
tim
al
 te
ch
no
lo
gi
es
. 
 Th
e 
ba
si
s 
fo
r t
ec
hn
ol
og
y 
se
le
ct
io
n 
is
 u
til
iz
in
g 
ei
th
er
 b
en
ch
 s
ca
le
 o
r 
pi
lo
t p
la
nt
 d
at
a 
fo
r n
ew
 
te
ch
no
lo
gi
es
 o
r r
el
ia
bl
e 
op
er
at
io
na
l d
at
a 
fro
m
 
si
m
ila
r e
xi
st
in
g 
fa
ci
lit
ie
s.
 
A 
m
aj
or
ity
 o
f r
eq
ui
re
d 
in
fo
rm
at
io
n 
fro
m
 o
ne
 o
r 
bo
th
 o
f t
he
se
 s
ou
rc
es
 is
 
ne
ed
ed
 to
 c
om
pl
et
e 
th
e 
st
ud
y.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
 ¨
In
te
gr
at
io
n 
of
 n
ew
 te
ch
no
lo
gy
 w
ith
 e
xi
st
in
g 
sy
st
em
s,
 in
cl
ud
in
g 
in
te
rfa
ce
 is
su
es
 
¨
Sa
fe
ty
 s
ys
te
m
s 
po
te
nt
ia
lly
 c
om
pr
om
is
ed
 
by
 a
ny
 n
ew
 te
ch
no
lo
gy
 
Th
e 
in
te
gr
at
io
n 
im
pl
ic
at
io
ns
 
of
 n
ew
 te
ch
no
lo
gy
 w
ith
 
ex
is
tin
g 
sy
st
em
s,
 in
cl
ud
in
g 
sa
fe
ty
, h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. 
Th
e 
in
te
gr
at
io
n 
im
pl
ic
at
io
ns
 
of
 n
ew
 te
ch
no
lo
gy
 w
ith
 
ex
is
tin
g 
sy
st
em
s,
 in
cl
ud
in
g 
sa
fe
ty
, h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
Th
e 
in
te
gr
at
io
n 
im
pl
ic
at
io
ns
 
of
 n
ew
 te
ch
no
lo
gy
 w
ith
 
ex
is
tin
g 
sy
st
em
s,
 in
cl
ud
in
g 
sa
fe
ty
, a
re
 k
no
w
n 
bu
t h
av
e 
no
t b
ee
n 
do
cu
m
en
te
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 th
is
 
to
pi
c 
an
d 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
 
  202 
 
 
  
SE
CT
IO
N 
I –
 B
AS
IS
 O
F 
PR
O
JE
CT
 D
EC
IS
IO
N 
De
fin
iti
on
 L
ev
el
 
 
N/
A 
BE
ST
 
  
M
ED
IU
M
 
W
O
RS
T 
C.
BA
SI
C 
DA
TA
 
RE
SE
AR
CH
 &
 
DE
VE
LO
PM
EN
T 
0 
1 
2 
3 
4 
5 
C2
. P
ro
ce
ss
es
  
A 
pa
rti
cu
la
r, 
sp
ec
ifi
c 
se
qu
en
ce
 o
f 
st
ep
s 
to
 c
ha
ng
e 
th
e 
ra
w
 m
at
er
ia
ls
, 
in
te
rm
ed
ia
te
s,
 o
r s
ub
-a
ss
em
bl
ie
s 
in
to
 th
e 
fin
is
he
d 
pr
od
uc
t o
r 
ou
tc
om
e.
 T
he
se
 p
ro
ce
ss
 s
te
ps
 
m
ay
 in
vo
lv
e 
co
nv
er
si
on
 o
f a
n 
ex
is
tin
g 
pr
oc
es
s 
st
re
am
 in
to
 a
 n
ew
 
se
qu
en
ce
 o
f s
te
ps
 to
 m
ee
t f
ac
ilit
y 
re
qu
ire
m
en
ts
. P
ro
ve
n 
se
qu
en
ce
s 
of
 s
te
ps
 in
vo
lv
e 
th
e 
le
as
t r
is
k,
 w
hi
le
 
ex
pe
rim
en
ta
l p
ro
ce
ss
es
 h
av
e 
a 
po
te
nt
ia
l f
or
 c
ha
ng
e 
or
 p
ro
bl
em
s.
 
Is
su
es
 to
 e
va
lu
at
e 
in
cl
ud
e:
 
 ¨
Ex
is
tin
g/
pr
ov
en
 o
r d
up
lic
at
e 
¨
N
ew
 
¨
Ex
pe
rim
en
ta
l 
¨
Sc
al
e 
up
 fr
om
 b
en
ch
 o
r p
ilo
t 
ap
pl
ic
at
io
n 
to
 c
om
m
er
ci
al
 
sc
al
e 
¨
O
rg
an
iz
at
io
n’
s 
ex
pe
rie
nc
e 
w
ith
 th
e 
pr
oc
es
s 
st
ep
s 
¨
O
th
er
  
 C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 
Av
ai
la
bi
lit
y 
of
 e
xi
st
in
g 
pr
oc
es
s 
en
gi
ne
er
in
g 
in
fo
rm
at
io
n 
to
 e
xp
ed
ite
 
th
e 
FE
ED
 p
ha
se
 
Not required for project. 
Pr
oc
es
s 
se
le
ct
io
n 
st
ud
ie
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Pr
oc
es
s 
se
le
ct
io
n 
is
 
ba
se
d 
on
 re
lia
bl
e 
op
er
at
io
na
l d
at
a 
fro
m
 
co
m
m
er
ci
al
 s
ca
le
 
pr
od
uc
tio
n 
tra
in
 in
 
si
m
ila
r f
ac
ilit
ie
s.
  
Pr
ov
en
 a
cc
ep
ta
bl
e 
ra
ng
es
 (P
AR
) h
av
e 
be
en
 d
ef
in
ed
 fo
r 
cr
iti
ca
l p
ro
ce
ss
 s
te
ps
. 
C
ap
ac
ity
 m
od
el
in
g,
 
flo
w
 ra
te
s 
an
d 
en
er
gy
 
us
ag
e 
ca
lc
ul
at
io
ns
 a
re
 
co
m
pl
et
e 
an
d 
ve
rif
ie
d.
 
M
os
t p
ro
ce
ss
 s
el
ec
tio
n 
st
ud
ie
s 
to
 s
el
ec
t t
he
 
op
tim
al
 p
ro
ce
ss
es
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
 Pr
oc
es
s 
se
le
ct
io
n 
is
 
co
m
pl
et
ed
 b
ut
 n
ot
 fu
lly
 
ve
rif
ie
d.
 B
as
is
 o
f p
ro
ce
ss
 
se
le
ct
io
n 
ty
pi
ca
lly
 in
cl
ud
es
 
re
lia
bl
e 
op
er
at
io
na
l d
at
a 
at
 
co
m
m
er
ci
al
 o
r p
ilo
t s
ca
le
 
w
ith
 s
ca
le
-u
p 
fa
ct
or
s 
id
en
tif
ie
d.
 M
os
t P
AR
’s
 a
re
 
de
fin
ed
 b
ut
 fi
na
l d
ef
in
iti
on
 
ha
s 
ye
t t
o 
oc
cu
r. 
C
ap
ac
ity
 
m
od
el
in
g,
 fl
ow
 ra
te
s 
an
d 
en
er
gy
 u
sa
ge
 c
al
cu
la
tio
ns
 
ar
e 
co
m
pl
et
e 
an
d 
ve
rif
ie
d.
 
Pr
oc
es
s 
se
le
ct
io
n 
st
ud
ie
s 
ha
ve
 b
ee
n 
pe
rf
or
m
ed
 o
n 
a 
pr
el
im
in
ar
y 
ba
si
s 
to
 
se
le
ct
 th
e 
op
tim
al
 
pr
oc
es
se
s.
 
 Pr
oc
es
s 
se
le
ct
io
n 
ha
s 
be
en
 p
er
fo
rm
ed
 o
n 
a 
pr
el
im
in
ar
y 
ba
si
s,
 b
ut
 
is
 n
ot
 c
om
pl
et
e.
 T
he
 
ba
si
s 
of
 p
ro
ce
ss
 
se
le
ct
io
n 
ty
pi
ca
lly
 
in
cl
ud
es
 re
lia
bl
e 
op
er
at
io
na
l d
at
a 
at
 
co
m
m
er
ci
al
 o
r p
ilo
t 
sc
al
e 
w
ith
 s
ca
le
-u
p 
fa
ct
or
s 
id
en
tif
ie
d.
 
So
m
e 
PA
R
’s
 d
ef
in
ed
 
bu
t n
ot
 y
et
 fi
na
liz
ed
. 
C
ap
ac
ity
 m
od
el
in
g,
 
flo
w
 ra
te
s 
an
d 
en
er
gy
 
us
ag
e 
ca
lc
ul
at
io
ns
 a
re
 
co
m
pl
et
e,
 b
ut
 n
ot
 
ve
rif
ie
d.
 
Th
e 
re
qu
ire
d 
Pr
oc
es
s 
se
le
ct
io
n 
st
ud
ie
s 
in
cl
ud
in
g 
gu
id
el
in
es
/ 
gu
id
an
ce
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 
th
is
 e
ffo
rt.
 
 Pr
oc
es
s 
se
le
ct
io
n 
ba
se
d 
on
 p
ilo
t 
sc
al
e 
st
ud
ie
s 
is
 in
 
pr
og
re
ss
 w
ith
 
pl
ac
eh
ol
de
rs
 fo
r 
m
an
y 
cr
iti
ca
l s
te
ps
. 
Fe
w
 P
AR
s 
ar
e 
de
fin
ed
. 
Not yet started. 
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SE
C
TI
O
N
 I 
– 
B
A
SI
S 
O
F 
PR
O
JE
C
T 
D
EC
IS
IO
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
D
.
PR
O
JE
C
T 
SC
O
PE
 
0 
1 
2 
3 
4 
5 
D
2.
 P
ro
je
ct
 D
es
ig
n 
C
rit
er
ia
 
Th
e 
re
qu
ire
m
en
ts
 a
nd
 g
ui
de
lin
es
 w
hi
ch
 
go
ve
rn
 th
e 
de
si
gn
 o
f t
he
 p
ro
je
ct
 s
ho
ul
d 
be
 
de
ve
lo
pe
d.
 W
he
n 
pe
rfo
rm
in
g 
re
pe
tit
iv
e 
pr
oj
ec
ts
 fo
r t
he
 s
am
e 
fa
ci
lit
y,
 th
es
e 
m
ay
 b
e 
w
el
l u
nd
er
st
oo
d.
 E
va
lu
at
io
n 
cr
ite
ria
 m
ay
 
in
cl
ud
e:
 
 ¨
Le
ve
l o
f d
es
ig
n 
de
ta
il 
re
qu
ire
d 
¨
C
lim
at
ic
 d
at
a 
¨
C
od
es
 a
nd
 s
ta
nd
ar
ds
: 
o
N
at
io
na
l 
o
Lo
ca
l 
¨
U
til
iz
at
io
n 
of
 e
ng
in
ee
rin
g 
st
an
da
rd
s:
 
o
O
w
ne
r’s
 
o
M
ix
ed
 
o
C
on
tra
ct
or
’s
 
¨
Se
cu
rit
y 
st
an
da
rd
s/
gu
id
el
in
es
 to
 b
e 
ut
iliz
ed
 
¨
O
th
er
  
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 s
pe
ci
fic
 
co
un
try
 c
od
es
 a
nd
 s
ta
nd
ar
ds
 re
la
te
d 
to
 
sa
fe
ty
 a
nd
 d
es
ig
n 
re
qu
ire
m
en
ts
, s
pe
ci
fic
 
co
de
s 
an
d 
st
an
da
rd
s 
fo
r e
ac
h 
di
sc
ip
lin
e:
 
C
iv
il,
 S
tru
ct
ur
al
, M
ec
ha
ni
ca
l, 
P
ip
in
g 
&
 
In
st
ru
m
en
ta
tio
n,
 C
on
tro
ls
, E
le
ct
ric
al
, 
P
ro
ce
ss
, e
tc
. 
Not required for project. 
A
ll 
pr
oj
ec
t d
es
ig
n 
cr
ite
ria
 
ar
e 
de
fin
ed
 a
nd
 a
pp
ro
ve
d 
by
 k
ey
 s
ta
ke
ho
ld
er
s 
as
 a
 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Al
l d
es
ig
n 
sp
ec
ifi
ca
tio
ns
 th
at
 
go
ve
rn
 th
e 
de
si
gn
 o
f t
he
 
pr
oj
ec
t a
re
 d
ef
in
ed
 a
nd
 
se
le
ct
ed
 fo
rm
in
g 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. T
he
 d
es
ig
n 
cr
ite
ria
 h
av
e 
be
en
 a
pp
ro
ve
d 
by
 th
e 
pr
oj
ec
t t
ea
m
, 
op
er
at
io
ns
 &
 m
ai
nt
en
an
ce
. 
Sa
fe
ty
 d
es
ig
n 
cr
ite
ria
 a
nd
 
de
si
gn
 s
af
et
y 
fa
ct
or
s 
ar
e 
de
fin
ed
. 
M
os
t p
ro
je
ct
 d
es
ig
n 
cr
ite
ria
 a
re
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
 D
es
ig
n 
sp
ec
ifi
ca
tio
ns
 a
nd
 
st
an
da
rd
s 
ar
e 
es
se
nt
ia
lly
 
de
fin
ed
 a
nd
 s
el
ec
te
d 
fo
r 
us
e.
 S
om
e 
ar
e 
in
 th
e 
pr
oc
es
s 
of
 b
ei
ng
 
ap
pr
ov
ed
 b
y 
th
e 
ap
pr
op
ria
te
 p
ar
tie
s.
  
So
m
e 
pr
oj
ec
t d
es
ig
n 
cr
ite
ria
 h
av
e 
be
en
 
id
en
tif
ie
d 
an
d 
ar
e 
in
 
th
e 
pr
oc
es
s 
of
 b
ei
ng
 
do
cu
m
en
te
d.
 
 So
m
e 
de
si
gn
 
sp
ec
ifi
ca
tio
ns
 a
nd
 
st
an
da
rd
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
ar
e 
aw
ai
tin
g 
re
vi
ew
. 
Th
e 
lis
t o
f r
eq
ui
re
d 
pr
oj
ec
t d
es
ig
n 
cr
ite
ria
 h
as
 b
ee
n 
id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 th
is
 
ef
fo
rt
. 
 O
nl
y 
a 
fe
w
 d
es
ig
n 
cr
ite
ria
 h
av
e 
be
en
 
id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 
on
 th
is
 to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
C
le
ar
ly
 d
ef
in
e 
co
nt
ro
llin
g 
sp
ec
ifi
ca
tio
ns
, e
sp
ec
ia
lly
 w
he
re
 n
ew
 
co
de
s 
an
d 
re
gu
la
tio
ns
 w
ill 
ov
er
rid
e 
ol
de
r r
eq
ui
re
m
en
ts
 
¨
En
su
re
 th
at
 s
pe
ci
fic
at
io
ns
 s
up
po
rt 
re
pl
ac
em
en
t o
f a
ny
 o
bs
ol
et
e 
sy
st
em
s 
or
 e
qu
ip
m
en
t. 
C
on
tro
lli
ng
 s
pe
ci
fic
at
io
ns
 
ha
ve
 b
ee
n 
cl
ea
rly
 d
ef
in
ed
, 
do
cu
m
en
te
d,
 a
nd
 a
pp
ro
ve
d.
 
C
on
tro
lli
ng
 s
pe
ci
fic
at
io
ns
 
ha
ve
 g
en
er
al
ly
 b
ee
n 
de
fin
ed
 a
nd
 d
oc
um
en
te
d.
 
C
on
tro
lli
ng
 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 id
en
tif
ie
d 
fo
r 
re
vi
ew
. 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 
on
 th
is
 to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
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1 
2 
3 
4 
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D
3.
 S
ite
 C
ha
ra
ct
er
is
tic
s 
A
va
ila
bl
e 
vs
. R
eq
ui
re
d 
 
 An
 a
ss
es
sm
en
t o
f t
he
 a
va
ila
bl
e 
ve
rs
us
 th
e 
re
qu
ire
d 
si
te
 c
ha
ra
ct
er
is
tic
s 
is
 
ne
ed
ed
. T
he
 in
te
nt
 is
 to
 e
ns
ur
e 
th
at
 th
e 
pr
oj
ec
t t
ea
m
 h
as
 ta
ke
n 
in
to
 
co
ns
id
er
at
io
n 
th
e 
ne
ed
 to
 im
pr
ov
e 
or
 u
pg
ra
de
 e
xi
st
in
g 
si
te
 u
til
iti
es
 a
nd
 
su
pp
or
t c
ha
ra
ct
er
is
tic
s.
 Is
su
es
 to
 c
on
si
de
r s
ho
ul
d 
in
cl
ud
e:
 
Not required for project. 
R
eq
ui
re
d 
si
te
 
ch
ar
ac
te
ris
tic
s 
ve
rs
us
 
th
os
e 
av
ai
la
bl
e 
ar
e 
fu
lly
 d
ef
in
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 A 
re
po
rt 
ou
tli
ni
ng
 th
e 
re
qu
ire
d 
si
te
 
ch
ar
ac
te
ris
tic
s 
in
cl
ud
in
g 
th
os
e 
av
ai
la
bl
e 
an
d 
th
os
e 
re
qu
ire
d 
w
ith
in
 
th
e 
sc
op
e 
of
 th
e 
pr
oj
ec
t 
ha
s 
be
en
 w
rit
te
n,
 
re
vi
ew
ed
 b
y 
th
e 
ke
y 
st
ak
eh
ol
de
rs
 a
nd
 
ap
pr
ov
ed
. 
M
os
t r
eq
ui
re
d 
si
te
 
ch
ar
ac
te
ris
tic
s 
ve
rs
us
 
th
os
e 
av
ai
la
bl
e 
ar
e 
do
cu
m
en
te
d 
an
d 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 
ye
t a
pp
ro
ve
d.
 
 M
os
t s
ite
 u
til
iti
es
 a
nd
 
su
pp
or
t c
ha
ra
ct
er
is
tic
s 
ne
ce
ss
ar
y 
fo
r t
he
 
pr
oj
ec
t a
re
 w
el
l d
ef
in
ed
 
in
 te
rm
s 
of
 ty
pe
, 
ca
pa
ci
ty
, s
pa
ce
 
re
qu
ire
m
en
ts
, 
am
en
iti
es
, l
og
is
tic
s 
fa
ci
lit
ie
s,
 a
nd
 s
ec
ur
ity
. A
 
dr
af
t r
ep
or
t h
as
 b
ee
n 
is
su
ed
. 
So
m
e 
re
qu
ire
d 
si
te
 
ch
ar
ac
te
ris
tic
s 
ne
ed
ed
 
fo
r t
he
 p
ro
je
ct
 a
re
 
de
fin
ed
 b
ut
 th
os
e 
av
ai
la
bl
e 
ar
e 
no
t f
ul
ly
 
id
en
tif
ie
d.
 
 Si
te
 u
til
iti
es
 a
nd
 s
up
po
rt 
ch
ar
ac
te
ris
tic
s 
ne
ce
ss
ar
y 
fo
r t
he
 p
ro
je
ct
 a
re
 d
ef
in
ed
 
in
 te
rm
s 
of
 ty
pe
, c
ap
ac
ity
 
an
d 
so
 fo
rth
. 
 H
ow
ev
er
, t
he
 a
va
ila
bi
lit
y 
of
 
re
qu
ire
d 
ch
ar
ac
te
ris
tic
s 
is
 
no
t g
en
er
al
ly
 k
no
w
n.
 
R
eq
ui
re
d 
si
te
 
ch
ar
ac
te
ris
tic
s 
ar
e 
pa
rt
ia
lly
 d
ef
in
ed
 
an
d 
th
os
e 
av
ai
la
bl
e 
ar
e 
no
t 
id
en
tif
ie
d.
 
 G
en
er
al
 k
no
w
le
dg
e 
of
 e
xi
st
in
g 
ch
ar
ac
te
ris
tic
s 
is
 
kn
ow
n,
 b
ut
 n
o 
su
rv
ey
 h
as
 b
ee
n 
co
nd
uc
te
d.
 
M
or
eo
ve
r, 
lit
tle
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 e
le
m
en
t. 
Not yet started. 
¨
C
ap
ac
ity
: 
o
U
til
iti
es
 
o
Fi
re
 
o
w
at
er
 
o
Fl
ar
e 
sy
st
em
s 
o
C
oo
lin
g 
w
at
er
 
o
Po
w
er
 
o
Pi
pe
 ra
ck
s 
o
W
as
te
 tr
ea
tm
en
t/d
is
po
sa
l 
o
St
or
m
w
at
er
 c
on
ta
in
m
en
t 
sy
st
em
 
¨
Ty
pe
 o
f b
ui
ld
in
gs
/s
tru
ct
ur
es
 
¨
La
nd
 a
re
a 
¨
Am
en
iti
es
: 
o
Fo
od
 s
er
vi
ce
 
o
C
ha
ng
e 
ro
om
s 
o
M
ed
ic
al
 fa
ci
lit
ie
s 
o
R
ec
re
at
io
n 
fa
ci
lit
ie
s 
o
Am
bu
la
to
ry
 a
cc
es
s 
¨
Pr
od
uc
t s
hi
pp
in
g 
fa
ci
lit
ie
s 
¨
M
at
er
ia
l r
ec
ei
vi
ng
 fa
ci
lit
ie
s 
¨
M
at
er
ia
l s
to
ra
ge
 fa
ci
lit
ie
s 
¨
Pr
od
uc
t s
to
ra
ge
 fa
ci
lit
ie
s 
¨
Se
cu
rit
y:
 
o
Se
tb
ac
ks
 
o
Si
gh
tli
ne
s 
o
C
le
ar
 z
on
es
 
o
Ac
ce
ss
 a
nd
 e
gr
es
s 
o
Fe
nc
in
g,
 g
at
es
, a
nd
 b
ar
rie
rs
 
o
Se
cu
rit
y 
lig
ht
in
g 
¨
Su
st
ai
na
bi
lit
y 
co
ns
id
er
at
io
ns
, i
nc
lu
di
ng
 
po
ss
ib
le
 c
er
tif
ic
at
io
n 
(fo
r 
ex
am
pl
e,
 b
y 
th
e 
U
.S
. G
re
en
 
Bu
ild
in
g 
C
ou
nc
il)
. 
¨
O
th
er
  
C
om
m
en
ts
 o
n 
Is
su
es
: 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 ta
ke
n 
in
to
 
ac
co
un
t w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
Ite
m
s 
re
la
te
d 
to
 R
&R
 
ha
ve
 b
ee
n 
fu
lly
 
ad
dr
es
se
d 
an
d 
do
cu
m
en
te
d.
 
Ite
m
s 
re
la
te
d 
to
 R
&R
 
ha
ve
 m
os
tly
 b
ee
n 
ad
dr
es
se
d.
  
Ite
m
s 
re
la
te
d 
to
 R
&R
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
ar
e 
be
in
g 
as
se
ss
ed
. 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
R
&R
 
ite
m
s.
 
¨
C
om
pl
et
e 
co
nd
iti
on
 
as
se
ss
m
en
t o
f e
xi
st
in
g 
fa
ci
lit
ie
s 
an
d 
in
fra
st
ru
ct
ur
e 
¨
As
-B
ui
lt 
ac
cu
ra
cy
 a
nd
 
av
ai
la
bi
lit
y 
(u
pd
at
e/
ve
rif
y 
as
-b
ui
lt 
do
cu
m
en
ta
tio
n 
pr
io
r t
o 
pr
oj
ec
t i
ni
tia
tio
n)
 
¨
W
or
ks
ite
 a
va
ila
bi
lit
y 
an
d 
ac
ce
ss
 fo
r R
&R
 a
ct
iv
iti
es
 
¨
Ex
is
tin
g 
sp
ac
e 
av
ai
la
bl
e 
to
 
oc
cu
pa
nt
s 
du
rin
g 
re
no
va
tio
n 
w
or
k 
¨
U
nc
er
ta
in
ty
 o
f “
as
-fo
un
d”
 
co
nd
iti
on
s,
 e
sp
ec
ia
lly
 
re
la
te
d 
to
: 
 
o
St
ru
ct
ur
al
 in
te
gr
ity
: s
te
el
 o
r 
co
nc
re
te
 lo
ad
in
g 
o
Pi
pi
ng
 c
ap
ac
ity
/ i
nt
eg
rit
y/
 
ro
ut
in
g 
o
C
on
di
tio
n 
of
 re
qu
ire
d 
is
ol
at
io
n 
po
in
ts
 L
oc
at
io
n,
 c
on
di
tio
n,
 a
nd
 
ca
pa
ci
ty
 o
f e
le
ct
ric
al
 s
ys
te
m
s 
co
m
po
ne
nt
s 
¨
In
ve
st
ig
at
io
n 
to
ol
s 
to
 a
ss
is
t 
in
 th
e 
do
cu
m
en
ta
tio
n 
of
 
ex
is
tin
g 
co
nd
iti
on
s:
 
o
Ph
ot
og
ra
ph
s 
/ V
id
eo
 
o
R
em
ot
e 
in
sp
ec
tio
n 
o
La
se
r s
ca
nn
in
g 
o
In
fra
re
d 
sc
an
ni
ng
 
o
N
on
-D
es
tru
ct
iv
e 
Te
st
in
g 
o
G
ro
un
d 
Pe
ne
tra
tin
g 
R
ad
ar
 
o
U
ltr
as
on
ic
 T
es
tin
g 
¨
O
th
er
 
 
  205 
 
 
  
SE
C
TI
O
N
 I 
– 
B
A
SI
S 
O
F 
PR
O
JE
C
T 
D
EC
IS
IO
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
D
.
PR
O
JE
C
T 
SC
O
PE
 
0 
1 
2 
3 
4 
5 
D
4.
 D
is
m
an
tli
ng
 a
nd
 D
em
ol
iti
on
 R
eq
ui
re
m
en
ts
 
A 
sc
op
e 
of
 w
or
k 
ha
s 
be
en
 d
ef
in
ed
 a
nd
 d
oc
um
en
te
d 
fo
r t
he
 d
ec
om
m
is
si
on
in
g 
an
d 
di
sm
an
tli
ng
 o
f e
xi
st
in
g 
eq
ui
pm
en
t a
nd
/o
r p
ip
in
g 
w
hi
ch
 m
ay
 b
e 
ne
ce
ss
ar
y 
fo
r 
co
m
pl
et
in
g 
ne
w
 c
on
st
ru
ct
io
n.
 T
hi
s 
sc
op
e 
of
 w
or
k 
sh
ou
ld
 s
up
po
rt 
an
 e
st
im
at
e 
fo
r c
os
t a
nd
 s
ch
ed
ul
e.
 
Ev
al
ua
tio
n 
cr
ite
ria
 s
ho
ul
d 
in
cl
ud
e:
 
 ¨
Ti
m
in
g/
se
qu
en
ci
ng
 
¨
Pe
rm
its
 
¨
Ap
pr
ov
al
 
¨
Sa
fe
ty
 re
qu
ire
m
en
ts
 
¨
H
az
ar
do
us
 o
pe
ra
tio
ns
 a
nd
/o
r m
at
er
ia
ls
 
¨
Pl
an
t/o
pe
ra
tio
ns
 re
qu
ire
m
en
ts
 
¨
St
or
ag
e 
or
 d
is
po
sa
l o
f d
is
m
an
tle
d 
eq
ui
pm
en
t/m
at
er
ia
ls
 
¨
N
ar
ra
tiv
e 
(s
co
pe
 o
f w
or
k)
 fo
r e
ac
h 
sy
st
em
 
¨
En
vi
ro
nm
en
ta
l a
ss
es
sm
en
t 
¨
Ar
e 
th
e 
sy
st
em
s 
th
at
 w
ill
 b
e 
de
co
m
m
is
si
on
ed
/d
is
m
an
tle
d:
 
o
N
am
ed
 a
nd
 m
ar
ke
d 
on
 p
ro
ce
ss
 fl
ow
 d
ia
gr
am
s 
o
N
am
ed
 a
nd
 m
ar
ke
d 
on
 P
&I
D
s 
o
D
en
ot
ed
 o
n 
lin
e 
lis
ts
 a
nd
 e
qu
ip
m
en
t l
is
ts
 
o
D
en
ot
ed
 o
n 
pi
pi
ng
 p
la
ns
 o
r p
ho
to
-d
ra
w
in
gs
 
¨
O
th
er
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 d
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 s
eq
ue
nc
in
g 
de
fin
ed
. C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t i
s 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 
w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
D
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
m
ai
nt
en
an
ce
, 
op
er
at
io
ns
, 
co
ns
tr
uc
tio
n)
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 D
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
de
sc
rib
ed
 in
 a
 c
om
pl
et
e 
sc
op
e 
of
 w
or
k 
do
cu
m
en
t 
su
pp
or
tin
g 
a 
go
od
 
es
tim
at
e 
fo
r c
os
t a
nd
 
sc
he
du
le
. 
M
os
t d
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
 D
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
de
sc
rib
ed
 in
 a
 s
co
pe
 o
f 
w
or
k 
do
cu
m
en
t. 
M
os
t 
de
ta
ils
 in
cl
ud
in
g 
th
e 
ph
ys
ic
al
 li
m
its
, r
eq
ui
re
d 
pe
rm
its
 a
nd
 a
pp
ro
va
ls
, 
an
d 
he
al
th
, s
af
et
y,
 a
nd
 
en
vi
ro
nm
en
ta
l (
H
S
E)
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 
de
ve
lo
pe
d.
 
So
m
e 
of
 th
e 
di
sm
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
. 
 D
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 
de
liv
er
ab
le
 d
et
ai
ls
 
su
ch
 a
s 
ph
ys
ic
al
 
lim
its
, r
eq
ui
re
d 
pe
rm
its
/a
pp
ro
va
ls
, 
an
d 
H
S
E 
re
qu
ire
m
en
ts
 n
ee
d 
to
 b
e 
de
ve
lo
pe
d.
 
Ex
ec
ut
io
n 
tim
in
g,
 
se
qu
en
ci
ng
, a
nd
 
ot
he
r d
et
ai
ls
 n
ee
d 
to
 
be
 d
ef
in
ed
 b
ef
or
e 
m
ov
in
g 
to
 d
et
ai
le
d 
de
si
gn
. 
D
is
m
an
tli
ng
 a
nd
 
de
m
ol
iti
on
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 
ap
pl
ie
d 
to
 th
is
 
ef
fo
rt
. 
 Th
e 
de
ta
ils
 n
ec
es
sa
ry
 
to
 c
la
rif
y 
th
e 
sc
op
e 
of
 
w
or
k 
an
d 
to
 p
re
pa
re
 a
 
co
st
 e
st
im
at
e 
an
d 
sc
he
du
le
 a
re
 n
ot
 
av
ai
la
bl
e 
an
d 
th
er
e 
is
 
no
 s
co
pe
 o
f w
or
k 
do
cu
m
en
t a
va
ila
bl
e.
 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
U
se
 o
f p
ho
to
gr
ap
hs
, v
id
eo
 re
co
rd
s,
 e
tc
. i
n 
sc
op
e 
do
cu
m
en
ts
 to
 e
ns
ur
e 
ex
is
tin
g 
co
nd
iti
on
s 
cl
ea
rly
 d
ef
in
ed
 
¨
Ph
ys
ic
al
 id
en
tif
ic
at
io
n 
of
 e
xt
en
t o
f d
em
ol
iti
on
 
to
 c
le
ar
ly
 d
ef
in
e 
lim
its
 
¨
Se
gr
eg
at
io
n 
of
 d
em
ol
iti
on
 a
ct
iv
iti
es
 fr
om
 n
ew
 
co
ns
tru
ct
io
n,
 a
nd
 o
pe
ra
tio
ns
 (e
.g
., 
ph
ys
ic
al
 
di
sc
on
ne
ct
 o
r “
ai
r g
ap
”)
 
¨
Es
ta
bl
is
h 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
 to
 s
up
po
rt 
di
sm
an
tli
ng
 
Ite
m
s 
re
la
te
d 
to
 e
xi
st
in
g 
co
nd
iti
on
s,
 d
em
ol
iti
on
 
ac
tiv
iti
es
 a
nd
 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 fu
lly
 a
dd
re
ss
ed
 a
nd
 
do
cu
m
en
te
d.
 
Ite
m
s 
re
la
te
d 
to
 e
xi
st
in
g 
co
nd
iti
on
s,
 d
em
ol
iti
on
 
ac
tiv
iti
es
 a
nd
 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
 h
av
e 
m
os
tly
 b
ee
n 
ad
dr
es
se
d.
 
Ite
m
s 
re
la
te
d 
to
 
ex
is
tin
g 
co
nd
iti
on
s,
 
de
m
ol
iti
on
 a
ct
iv
iti
es
 
an
d 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
ar
e 
be
in
g 
as
se
ss
ed
. 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 
on
 d
ef
in
in
g 
ex
is
tin
g 
co
nd
iti
on
s,
 d
em
ol
iti
on
 
ac
tiv
iti
es
 a
nd
 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
. 
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F 
D
ES
IG
N
 
Th
is 
se
ct
io
n 
ad
dr
es
se
s p
ro
ce
ss
es
 a
nd
 te
ch
ni
ca
l i
nf
or
m
at
io
n 
el
em
en
ts 
th
at
 sh
ou
ld
 b
e 
ev
al
ua
te
d 
fo
r a
 fu
ll 
un
de
rs
ta
nd
in
g 
of
 th
e 
en
gi
ne
er
in
g/
de
sig
n 
re
qu
ire
m
en
ts 
ne
ce
ss
ar
y 
fo
r t
he
 p
ro
je
ct
.  
 
SE
C
TI
O
N
 II
 –
 B
A
SI
S 
O
F 
D
ES
IG
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
W
O
R
ST
 
F.
SI
TE
 IN
FO
R
M
A
TI
O
N
 
0 
1 
2 
3 
4 
5 
F2
. S
ur
v
 
 
 
 
 Su
rv
ey
 a
nd
 s
oi
l t
es
t e
va
lu
at
io
ns
 o
f t
he
 p
ro
po
se
d 
si
te
 s
ho
ul
d 
be
 d
ev
el
op
ed
 a
nd
 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
To
po
gr
ap
hy
 m
ap
 
¨
O
ve
ra
ll 
pl
an
t p
lo
t p
la
n 
¨
G
en
er
al
 s
ite
 d
es
cr
ip
tio
n 
(e
.g
., 
te
rr
ai
n,
 e
xi
st
in
g 
st
ru
ct
ur
es
, 
sp
oi
l r
em
ov
al
, a
re
as
 o
f h
az
ar
do
us
 w
as
te
) 
¨
D
ef
in
iti
on
 o
f f
in
al
 s
ite
 e
le
va
tio
n 
¨
Be
nc
hm
ar
k 
(c
oo
rd
in
at
e 
an
d 
el
ev
at
io
n)
 c
on
tro
l s
ys
te
m
 id
en
tif
ie
d 
¨
Sp
oi
l a
re
a 
(i.
e.
, l
oc
at
io
n 
of
 o
n-
si
te
 a
re
a 
or
 o
ff-
si
te
 in
st
ru
ct
io
ns
) 
¨
Se
is
m
ic
 re
qu
ire
m
en
ts
 
¨
W
at
er
 ta
bl
e 
¨
So
il 
pe
rc
ol
at
io
n 
ra
te
 &
 c
on
du
ct
iv
ity
 
¨
Ex
is
tin
g 
co
nt
am
in
at
io
n 
¨
G
ro
un
d 
w
at
er
 fl
ow
 ra
te
s 
an
d 
di
re
ct
i
on
s 
¨
D
ow
ns
tre
am
 u
se
s 
of
 g
ro
un
d 
w
at
er
 
¨
N
ee
d 
fo
r s
oi
l t
re
at
m
en
t o
r r
ep
la
ce
m
en
t 
¨
D
es
cr
ip
tio
n 
of
 fo
un
da
tio
n 
ty
pe
s 
¨
Al
lo
w
ab
le
 b
ea
rin
g 
ca
pa
ci
tie
s 
¨
Pi
er
/p
ile
 c
ap
ac
iti
es
 
¨
O
th
er
 
Not required for project. 
Su
rv
ey
 a
nd
 s
oi
l 
te
st
 in
fo
rm
at
io
n 
ha
s 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
de
si
gn
er
s,
 
co
ns
tr
uc
tio
n,
 a
nd
 
pr
oj
ec
t 
m
an
ag
em
en
t) 
as
 a
 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 R
ep
or
ts
 c
on
ta
in
in
g 
su
rv
ey
s 
an
d 
so
il 
te
st
 
in
fo
rm
at
io
n 
ha
ve
 
be
en
 d
ev
el
op
ed
 
su
pp
or
tin
g 
pr
oj
ec
t 
sc
op
e 
of
 w
or
k 
de
fin
iti
on
 a
nd
 d
es
ig
n 
cr
ite
ria
. 
 
M
os
t s
ur
ve
y 
an
d 
so
il 
te
st
 
in
fo
rm
at
io
n 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
dr
af
t 
do
cu
m
en
ts
 a
re
 u
nd
er
 
re
vi
ew
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
.  
 A 
dr
af
t g
eo
te
ch
ni
ca
l r
ep
or
t 
pr
ov
id
es
 in
iti
al
 
re
co
m
m
en
da
tio
ns
 fo
r i
m
po
rt 
fil
l c
la
ss
ifi
ca
tio
n,
 fo
un
da
tio
n 
be
ar
in
g 
ca
pa
ci
ty
, p
ie
r 
ca
pa
ci
ty
 a
nd
 ro
ad
w
ay
 
ca
pa
ci
ty
. 
 A 
m
os
tly
 c
om
pl
et
e 
to
po
gr
ap
hi
ca
l a
nd
 s
ite
 p
la
n 
ha
s 
be
en
 d
ev
el
op
ed
 a
nd
 
in
cl
ud
es
: o
ve
ra
ll 
pl
ot
 p
la
n,
 
si
te
 fe
at
ur
e 
id
en
tif
ic
at
io
n,
 
el
ev
at
io
ns
, c
on
to
ur
s,
 a
nd
 
be
nc
hm
ar
ks
. 
 N
ot
 a
ll 
do
cu
m
en
ts
 h
av
e 
be
en
 re
vi
ew
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
nd
 a
pp
ro
ve
d.
 
So
m
e,
 b
ut
 n
ot
 a
ll,
 o
f t
he
 
su
rv
ey
s 
an
d 
so
il 
te
st
s 
ha
ve
 b
ee
n 
pe
rf
or
m
ed
. 
 G
eo
te
ch
ni
ca
l i
nf
or
m
at
io
n 
is
 
m
is
si
ng
 fr
om
 a
ny
 o
f t
he
 
fo
llo
w
in
g:
 s
oi
l b
or
in
gs
, 
w
at
er
 ta
bl
e,
 s
oi
l 
pe
rc
ol
at
io
n,
 s
oi
l 
cl
as
si
fic
at
io
n,
 
re
co
m
m
en
da
tio
ns
 fo
r 
im
po
rt 
fil
l c
la
ss
ifi
ca
tio
n,
 
fo
un
da
tio
n 
be
ar
in
g 
ca
pa
ci
ty
, p
ie
r c
ap
ac
ity
 a
nd
 
ro
ad
w
ay
 c
ap
ac
ity
. 
 To
po
gr
ap
hi
ca
l a
nd
 s
ite
 
pl
an
 in
fo
rm
at
io
n 
is
 m
is
si
ng
 
an
y 
of
 th
e 
fo
llo
w
in
g:
 o
ve
ra
ll 
pl
ot
 p
la
n,
 s
ite
 fe
at
ur
es
, 
id
en
tif
ic
at
io
n,
 p
re
lim
in
ar
y 
el
ev
at
io
ns
, c
on
to
ur
s,
 a
nd
 
be
nc
hm
ar
ks
. 
Su
rv
ey
 a
nd
 s
oi
l t
es
t 
in
fo
rm
at
io
n 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 c
on
su
lti
ng
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
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SE
C
TI
O
N
 II
 –
 B
A
SI
S 
O
F 
D
ES
IG
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
W
O
R
ST
 
F.
SI
TE
 IN
FO
R
M
A
TI
O
N
 
0 
1 
2 
3 
4 
5 
F3
. E
nv
iro
nm
en
ta
l A
ss
es
sm
en
t 
 An
 e
nv
iro
nm
en
ta
l a
ss
es
sm
en
t s
ho
ul
d 
be
 
pe
rfo
rm
ed
 fo
r t
he
 s
ite
 to
 e
va
lu
at
e 
is
su
es
 
th
at
 c
an
 im
pa
ct
 th
e 
co
st
 e
st
im
at
e 
or
 d
el
ay
 
th
e 
pr
oj
ec
t. 
Th
es
e 
is
su
es
 m
ay
 in
cl
ud
e 
ch
ar
ac
te
ris
tic
s 
su
ch
 a
s:
 
 ¨
Lo
ca
tio
n 
in
 a
n 
ai
r q
ua
lit
y 
no
n-
co
m
pl
ia
nc
e 
zo
ne
 (s
uc
h 
as
 id
en
tif
ie
d 
by
 th
e 
U
.S
. E
nv
iro
nm
en
ta
l P
ro
te
ct
io
n 
Ag
en
cy
 (E
PA
) o
r o
th
er
s)
 
¨
Lo
ca
tio
n 
in
 a
 w
et
la
nd
s 
ar
ea
 
¨
En
vi
ro
nm
en
ta
l p
er
m
its
 n
ow
 in
 fo
rc
e 
¨
Lo
ca
tio
n 
of
 n
ea
re
st
 re
si
de
nt
ia
l a
re
a 
¨
G
ro
un
dw
at
er
 m
on
ito
rin
g 
in
 p
la
ce
 
¨
C
on
ta
in
m
en
t r
eq
ui
re
m
en
ts
 
¨
Ex
is
tin
g 
en
vi
ro
nm
en
ta
l p
ro
bl
em
s 
w
ith
 
th
e 
si
te
 s
uc
h 
as
: 
o
As
be
st
os
/P
C
B
 
o
R
ad
io
ac
tiv
e 
m
at
er
ia
ls
 
o
C
on
ta
m
in
at
ed
 s
oi
ls
 
o
Le
ad
 o
r o
th
er
 h
ea
vy
 m
et
al
 (e
.g
. 
C
hr
om
iu
m
, M
er
cu
ry
) 
o
H
az
ar
do
us
 o
r t
ox
ic
 c
he
m
ic
al
/b
io
lo
gi
ca
l 
co
nt
am
in
at
io
n 
¨
Pa
st
/p
re
se
nt
 u
se
 o
f s
ite
 
Su
st
ai
na
bi
lit
y 
¨
Ar
ch
eo
lo
gi
ca
l 
¨
En
da
ng
er
ed
 s
pe
ci
es
 
¨
Er
os
io
n/
se
di
m
en
t c
on
tro
l 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 n
oi
se
 le
ve
l r
es
tri
ct
io
ns
 
an
d 
st
an
da
rd
s 
to
 c
om
pl
y 
w
ith
. A
dd
iti
on
al
ly
, 
en
vi
ro
nm
en
ta
l p
er
m
its
 d
o 
no
t n
ec
es
sa
ril
y 
ha
ve
 to
 b
e 
in
 h
an
d 
to
 a
ch
ie
ve
 a
 d
ef
in
iti
on
 le
ve
l o
f 1
. M
or
eo
ve
r, 
a 
co
m
m
un
ity
 o
ut
re
ac
h 
pl
an
 is
 ty
pi
ca
lly
 s
ub
m
itt
ed
 a
s 
pa
rt 
of
 th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Th
is
 
el
em
en
t t
yp
ic
al
ly
 a
ls
o 
co
ns
id
er
s 
w
as
te
 ty
pe
s 
su
ch
 a
s 
ai
r, 
fin
e 
pa
rti
cl
es
, c
on
st
ru
ct
io
n 
w
as
te
, e
tc
.  
Not required for project. 
Th
e 
en
vi
ro
nm
en
ta
l 
as
se
ss
m
en
t r
ep
or
t h
as
 
be
en
 is
su
ed
 a
nd
 a
pp
ro
ve
d 
by
 k
ey
 s
ta
ke
ho
ld
er
s 
(e
.g
., 
de
si
gn
, H
SE
, a
nd
 p
ro
je
ct
 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 fo
r 
de
ta
ile
d 
de
si
gn
. 
 A 
co
m
pr
eh
en
si
ve
 
en
vi
ro
nm
en
ta
l a
ss
es
sm
en
t 
re
po
rt 
ha
s 
be
en
 c
re
at
ed
 a
nd
 
in
cl
ud
es
 th
e 
fo
llo
w
in
g 
an
al
ys
is
 in
 d
et
ai
l: 
ar
ch
eo
lo
gi
ca
l, 
en
da
ng
er
ed
 
sp
ec
ie
s,
 a
pp
ro
pr
ia
te
 
en
vi
ro
nm
en
ta
l o
ve
rs
ig
ht
 
re
gu
la
to
ry
 re
po
rts
, a
ir 
qu
al
ity
 
as
se
ss
m
en
t, 
w
et
la
nd
, a
nd
 
gr
ou
nd
w
at
er
 a
ss
es
sm
en
t. 
M
os
t o
f t
he
 
en
vi
ro
nm
en
ta
l 
as
se
ss
m
en
t i
s 
co
m
pl
et
e 
w
ith
 m
aj
or
 
fin
di
ng
s 
do
cu
m
en
te
d,
 
an
d 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
St
ak
eh
ol
de
rs
 h
av
e 
re
vi
ew
ed
 a
nd
 
co
m
m
en
te
d 
on
 th
e 
dr
af
t d
oc
um
en
ts
. 
 A 
fe
w
 is
su
es
 h
av
e 
no
t 
be
en
 d
oc
um
en
te
d 
su
ch
 
as
: e
xt
en
t o
f 
en
vi
ro
nm
en
ta
l p
ro
bl
em
s,
 
ar
ch
ae
ol
og
ic
al
 o
r 
se
di
m
en
t c
on
tro
l. 
Th
es
e 
w
ill 
ne
ed
 to
 b
e 
ad
dr
es
se
d 
in
 th
e 
de
ta
ile
d 
de
si
gn
 p
ha
se
. 
Th
e 
en
vi
ro
nm
en
ta
l 
as
se
ss
m
en
t h
as
 b
ee
n 
st
ar
te
d 
bu
t n
ot
 a
ll 
fin
di
ng
s 
ha
ve
 b
ee
n 
re
po
rt
ed
. 
 Th
e 
fo
llo
w
in
g 
ite
m
s 
ha
ve
 b
ee
n 
st
ar
te
d,
 b
ut
 
on
ly
 a
n 
in
iti
al
 d
ra
ft 
re
po
rt 
is
 a
va
ila
bl
e 
su
ch
 
as
: a
pp
ro
pr
ia
te
 
en
vi
ro
nm
en
ta
l 
ov
er
si
gh
t r
eg
ul
at
or
y 
re
po
rts
, w
et
la
nd
, 
ar
ch
eo
lo
gi
ca
l, 
en
da
ng
er
ed
 s
pe
ci
es
, 
ai
r q
ua
lit
y 
as
se
ss
m
en
t, 
gr
ou
nd
w
at
er
 
as
se
ss
m
en
t. 
Th
e 
en
vi
ro
nm
en
ta
l 
as
se
ss
m
en
t 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 
ap
pl
ie
d 
to
 th
is
 
ef
fo
rt
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
En
vi
ro
nm
en
ta
l 
do
cu
m
en
ts
 h
av
e 
no
t 
st
ar
te
d 
or
 th
er
e 
ha
s 
be
en
 li
ttl
e 
pr
og
re
ss
. 
Not yet started. 
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SE
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– 
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S 
O
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G
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De
fin
iti
on
 L
ev
el
 
 
N/
A
 
BE
ST
 
  
M
ED
IU
M
 
W
O
RS
T 
F.
SI
TE
 IN
FO
RM
AT
IO
N
 
0 
1 
2 
3 
4 
5 
F4
. P
er
m
it 
Re
qu
ire
m
en
ts
  
 A 
pe
rm
itt
in
g 
pl
an
 fo
r t
he
 p
ro
je
ct
 s
ho
ul
d 
be
 in
 p
la
ce
. 
Th
e 
lo
ca
l, 
st
at
e 
or
 p
ro
vi
nc
e,
 a
nd
 fe
de
ra
l 
go
ve
rn
m
en
t p
er
m
its
 n
ec
es
sa
ry
 to
 c
on
st
ru
ct
 a
nd
 
op
er
at
e 
th
e 
un
it/
fa
ci
lit
y 
sh
ou
ld
 b
e 
id
en
tif
ie
d.
 T
he
se
 
sh
ou
ld
 in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
C
on
st
ru
ct
io
n 
¨
Lo
ca
l 
¨
En
vi
ro
nm
en
ta
l 
¨
Tr
an
sp
or
ta
tio
n 
¨
C
oa
st
al
 D
ev
el
op
m
en
t 
¨
Se
cu
rit
y 
 
¨
Fi
re
 
¨
Bu
ild
in
g 
¨
O
cc
up
an
cy
 
¨
R
ai
lro
ad
 
¨
Le
ve
e 
Bo
ar
d 
¨
H
ig
hw
ay
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
Th
e 
pe
rm
itt
in
g 
pl
an
 c
on
si
de
rs
 a
nd
 c
on
ta
in
s 
ob
je
ct
iv
e 
an
d 
im
pa
ct
 o
f p
er
m
itt
in
g 
on
 p
ro
je
ct
 o
r 
fa
ci
lit
y,
 a
nd
 th
at
 im
pa
ct
 is
 p
ar
t o
f t
he
 e
st
im
at
e,
 
sc
he
du
le
, a
nd
 s
co
pe
. A
dd
iti
on
al
ly
, e
nv
iro
nm
en
ta
l 
pe
rm
its
 a
re
 ty
pi
ca
lly
 s
ub
m
itt
ed
 d
ur
in
g 
co
nc
ep
t o
r 
de
ta
ile
d 
sc
op
e 
ph
as
e 
so
 th
at
 a
ge
nc
y 
ap
pr
ov
al
 is
 
re
ce
iv
ed
 d
ur
in
g 
ph
as
e-
ga
te
 3
 s
o 
th
at
 c
os
ts
 c
an
 b
e 
in
cl
ud
ed
. M
or
eo
ve
r, 
pe
rm
its
 d
o 
no
t n
ec
es
sa
ril
y 
ha
ve
 to
 b
e 
in
 h
an
d 
to
 re
ce
iv
e 
a 
de
fin
iti
on
 le
ve
l o
f 1
. 
Fu
rth
er
m
or
e,
 C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t 
ar
e 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
M
or
eo
ve
r, 
a 
co
m
m
un
ity
 o
ut
re
ac
h 
pl
an
 is
 ty
pi
ca
lly
 s
ub
m
itt
ed
 a
s 
w
el
l. 
Not required for project. 
A 
co
m
pr
eh
en
si
ve
 
pe
rm
itt
in
g 
pl
an
 h
as
 
be
en
 c
re
at
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
de
si
gn
, H
SE
, a
nd
 
pr
oj
ec
t m
an
ag
em
en
t).
 
 Th
e 
pe
rm
itt
in
g 
pl
an
 
co
nt
ai
ns
 d
et
ai
le
d 
de
sc
rip
tio
ns
 a
nd
 p
la
ns
 fo
r 
th
e 
fo
llo
w
in
g 
pe
rm
its
: 
N
at
io
na
l, 
re
gi
on
al
, l
oc
al
 
ag
en
ci
es
 re
qu
ire
m
en
ts
 
(e
.g
., 
tra
ns
po
rta
tio
n,
 
en
vi
ro
nm
en
ta
l, 
le
ve
e 
bo
ar
d,
 c
oa
st
al
, r
ai
lro
ad
, 
bu
ild
in
g,
 o
cc
up
an
cy
). 
 
A 
dr
af
t p
er
m
itt
in
g 
pl
an
 h
as
 
be
en
 d
oc
um
en
te
d 
an
d 
is
 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. S
ta
ke
ho
ld
er
s 
ha
ve
 re
vi
ew
ed
 a
nd
 
co
m
m
en
te
d 
on
 th
e 
dr
af
t 
do
cu
m
en
t. 
 Th
e 
pe
rm
itt
in
g 
pl
an
 c
on
ta
in
s 
de
sc
rip
tio
ns
 a
nd
 p
la
ns
 fo
r 
th
e 
fo
llo
w
in
g 
pe
rm
its
: 
N
at
io
na
l, 
re
gi
on
al
, l
oc
al
 
ag
en
ci
es
 re
qu
ire
m
en
ts
 (e
.g
., 
tra
ns
po
rta
tio
n,
 
en
vi
ro
nm
en
ta
l, 
le
ve
e 
bo
ar
d,
 
co
as
ta
l, 
ra
ilr
oa
d,
 b
ui
ld
in
g,
 
oc
cu
pa
nc
y)
. N
ot
 a
ll 
de
ta
ils
 
ar
e 
co
m
pl
et
e.
 
 Po
rti
on
s 
of
 th
e 
dr
af
t 
pe
rm
itt
in
g 
pl
an
 h
av
e 
no
t 
be
en
 a
pp
ro
ve
d 
by
 k
ey
 
st
ak
eh
ol
de
rs
. 
A 
pe
rm
itt
in
g 
pl
an
 h
as
 
be
en
 s
ta
rt
ed
 b
ut
 n
ot
 
fu
lly
 re
se
ar
ch
ed
. 
 Th
e 
pe
rm
itt
in
g 
in
ve
st
ig
at
io
n 
ha
s 
st
ar
te
d,
 b
ut
 s
ev
er
al
 
pe
rm
its
 h
av
e 
no
t b
ee
n 
re
se
ar
ch
ed
. F
or
 
in
st
an
ce
: N
at
io
na
l, 
re
gi
on
al
, l
oc
al
 a
ge
nc
ie
s 
re
qu
ire
m
en
ts
 (e
.g
., 
tra
ns
po
rta
tio
n,
 
en
vi
ro
nm
en
ta
l, 
le
ve
e 
bo
ar
d,
 c
oa
st
al
, r
ai
lro
ad
, 
bu
ild
in
g,
 o
cc
up
an
cy
). 
Th
e 
re
qu
ire
d 
pe
rm
its
 h
av
e 
be
en
 
id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 th
is
 
ef
fo
rt
. 
 A 
fu
ll 
pe
rm
itt
in
g 
in
ve
st
ig
at
io
n 
ha
s 
no
t 
be
en
 s
ta
rte
d.
 L
itt
le
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
/c
on
su
lti
ng
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
O
rig
in
al
 in
te
nt
 o
f c
od
es
 a
nd
 re
gu
la
tio
ns
 a
nd
 
an
y 
“g
ra
nd
fa
th
er
ed
” r
eq
ui
re
m
en
ts
 
Th
e 
or
ig
in
al
 in
te
nt
 o
f 
co
de
s 
an
d 
re
gu
la
tio
ns
 a
nd
 
an
y 
“g
ra
nd
fa
th
er
ed
” 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 
fu
lly
 a
dd
re
ss
ed
, 
do
cu
m
en
te
d,
 a
nd
 
ap
pr
ov
ed
. 
Th
e 
or
ig
in
al
 in
te
nt
 o
f c
od
es
 
an
d 
re
gu
la
tio
ns
 a
nd
 a
ny
 
“g
ra
nd
fa
th
er
ed
” 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 
do
cu
m
en
te
d,
 b
ut
 h
av
e 
no
t 
be
en
 a
pp
ro
ve
d 
by
 k
ey
 
st
ak
eh
ol
de
rs
. 
Th
e 
or
ig
in
al
 in
te
nt
 o
f 
co
de
s 
an
d 
re
gu
la
tio
ns
 
an
d 
an
y 
“g
ra
nd
fa
th
er
ed
” 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 re
se
ar
ch
ed
 b
ut
 
no
t d
oc
um
en
te
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
e 
or
ig
in
al
 in
te
nt
 o
f 
co
de
s 
an
d 
re
gu
la
tio
ns
 
an
d 
an
y 
“g
ra
nd
fa
th
er
ed
” 
re
qu
ire
m
en
ts
. 
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0 
1 
2 
3 
4 
5 
F5
. U
til
ity
 S
ou
rc
es
 w
ith
 S
up
pl
y 
C
on
di
tio
ns
  
 A 
lis
t h
as
 b
ee
n 
m
ad
e 
id
en
tif
yi
ng
 a
va
ila
bi
lit
y/
no
n-
av
ai
la
bi
lit
y 
or
 re
du
nd
an
cy
 o
f s
ite
 u
til
iti
es
 n
ee
de
d 
to
 o
pe
ra
te
 th
e 
un
it/
fa
ci
lit
y.
 T
hi
s 
lis
t i
nc
lu
de
s 
su
pp
ly
 c
on
di
tio
ns
 s
uc
h 
as
 te
m
pe
ra
tu
re
, 
pr
es
su
re
, a
nd
 q
ua
lit
y.
 It
em
s 
to
 c
on
si
de
r i
nc
lu
de
: 
 ¨
Po
ta
bl
e 
w
at
er
 
¨
D
rin
ki
ng
 w
at
er
 
¨
C
oo
lin
g 
w
at
er
 
¨
Fi
re
 w
at
er
 
¨
Se
w
er
s 
¨
Po
w
er
 (v
ol
ta
ge
 le
ve
ls
) 
¨
In
st
ru
m
en
t a
ir 
¨
Pl
an
t a
ir 
¨
G
as
es
 
¨
St
ea
m
 
¨
C
on
de
ns
at
e 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 d
ef
in
iti
on
 o
f u
til
iti
es
 
so
ur
ce
s 
su
pp
lie
d 
by
 th
ei
r p
ar
ty
 c
om
pa
ni
es
 
th
ro
ug
h 
sp
ec
ifi
c 
co
nt
ra
ct
s,
 b
uy
in
g 
or
 s
el
lin
g 
ut
ili
tie
s 
at
 th
e 
un
it/
fa
ci
lit
y)
. C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 ta
ke
n 
in
to
 
ac
co
un
t w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 
th
is
 e
le
m
en
t. 
Not required for project. 
U
til
ity
 s
ou
rc
es
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
fu
lly
 d
et
ai
le
d 
w
ith
 
re
le
va
nt
 p
ro
ce
ss
 
co
nd
iti
on
s.
 A
ll 
re
du
nd
an
cy
 a
nd
 
av
ai
la
bi
lit
y 
st
ud
ie
s 
re
la
tin
g 
to
 th
e 
re
qu
ire
d 
cl
as
s 
of
 fa
ci
lit
ie
s 
ha
ve
 
be
en
 c
om
pl
et
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Al
l u
til
ity
 s
ou
rc
es
 a
nd
 
co
ns
um
er
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
as
so
ci
at
ed
 
pr
oc
es
s 
in
fo
rm
at
io
n 
co
m
pi
le
d 
an
d 
in
cl
ud
ed
 in
 
th
e 
lis
t. 
 
M
os
t u
til
ity
 s
ou
rc
es
 h
av
e 
be
en
 s
iz
ed
 a
nd
 
te
m
pe
ra
tu
re
, p
re
ss
ur
e,
 
an
d 
flo
w
 ra
te
 d
es
ig
n 
co
nd
iti
on
s 
ar
e 
id
en
tif
ie
d.
 
 R
ed
un
da
nc
y 
an
d 
av
ai
la
bi
lit
y 
st
ud
ie
s 
ha
ve
 
be
en
 c
om
pl
et
ed
 to
 a
ss
es
s 
sp
ar
in
g/
ov
er
si
zi
ng
 
re
qu
ire
m
en
ts
 b
as
ed
 o
n 
re
qu
ire
d 
cl
as
s 
of
 fa
ci
lit
y.
 
R
es
ul
ts
 h
av
e 
be
en
 is
su
ed
 
fo
r r
ev
ie
w
, b
ut
 n
ot
 
ap
pr
ov
ed
. 
A
 li
st
 o
f u
til
iti
es
 h
as
 
be
en
 d
ev
el
op
ed
 a
nd
 
ut
ili
ty
 s
ou
rc
es
 a
nd
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 in
iti
al
ly
 
as
se
ss
ed
. 
 Pr
el
im
in
ar
y 
as
se
ss
m
en
t o
f u
til
ity
 
so
ur
ce
s,
 b
as
ed
 o
n 
co
ns
um
er
 
re
qu
ire
m
en
ts
, h
as
 
be
en
 c
om
pl
et
ed
 a
nd
 
de
fic
ie
nc
ie
s 
no
te
d.
 
A
 p
re
lim
in
ar
y 
lis
t o
f 
re
qu
ire
d 
ut
ili
tie
s 
ha
s 
be
en
 s
ta
rt
ed
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
/c
on
su
lti
ng
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
&
 
R
ev
am
p 
pr
oj
ec
ts
 **
 
 ¨
Ti
e-
in
s 
to
 e
xi
st
in
g 
fa
ci
lit
y 
ut
ilit
y 
so
ur
ce
s 
Fu
ll 
ev
al
ua
tio
n 
of
 
ex
is
tin
g 
ut
ili
tie
s 
an
d 
so
ur
ce
s 
at
 b
ro
w
nf
ie
ld
 
si
te
 h
as
 b
ee
n 
co
m
pl
et
ed
. T
ie
-in
s 
to
 
ex
is
tin
g 
ut
ili
ty
 s
ou
rc
es
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
ve
tte
d 
th
ro
ug
h 
br
ow
nf
ie
ld
 s
ite
 
re
pr
es
en
ta
tiv
es
. 
As
se
ss
m
en
t h
as
 b
ee
n 
co
m
pl
et
ed
 o
f e
xi
st
in
g 
fa
ci
lit
ie
s 
of
 b
ro
w
nf
ie
ld
 s
ite
, 
an
d 
op
tio
ns
 fo
r p
os
si
bl
e 
tie
-in
s 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 R
es
ul
ts
 h
av
e 
be
en
 is
su
ed
 fo
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
In
iti
al
 a
ss
es
sm
en
t o
f 
ex
is
tin
g 
ut
ili
tie
s 
of
 
br
ow
nf
ie
ld
 s
ite
 h
as
 
be
en
 s
ta
rte
d 
fo
r a
ll 
ap
pl
ic
ab
le
 u
til
iti
es
. 
In
iti
al
 a
ss
es
sm
en
t o
f 
ex
is
tin
g 
ut
ili
tie
s 
of
 
br
ow
nf
ie
ld
 s
ite
 h
as
 
be
en
 s
ta
rte
d 
fo
r o
nl
y 
so
m
e 
ut
ilit
ie
s.
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0 
1 
2 
3 
4 
5 
F6
. F
ire
 P
ro
te
ct
io
n 
&
 S
af
et
y 
C
on
si
de
ra
tio
ns
  
 A 
lis
t o
f f
ire
 a
nd
 s
af
et
y 
re
la
te
d 
ite
m
s 
to
 b
e 
ta
ke
n 
in
to
 a
cc
ou
nt
 in
 th
e 
de
si
gn
 o
f t
he
 fa
ci
lit
y 
sh
ou
ld
 in
cl
ud
e 
fir
e 
pr
ot
ec
tio
n 
pr
ac
tic
es
 a
t t
he
 
si
te
, a
va
ila
bl
e 
fir
ew
at
er
 s
up
pl
y 
(a
m
ou
nt
s 
an
d 
co
nd
iti
on
s)
, s
pe
ci
al
 s
af
et
y 
an
d 
se
cu
rit
y 
re
qu
ire
m
en
ts
 u
ni
qu
e 
to
 th
e 
si
te
. E
va
lu
at
io
n 
cr
ite
ria
 s
ho
ul
d 
in
cl
ud
e:
  
 ¨
Ey
e 
w
as
h 
st
at
io
ns
 
¨
Sa
fe
ty
 s
ho
w
er
s 
¨
Fi
re
 m
on
ito
rs
 &
 h
yd
ra
nt
s 
¨
Fo
am
 
¨
Ev
ac
ua
tio
n 
pl
an
 
¨
Pe
rim
et
er
 S
ec
ur
ity
 
¨
D
el
ug
e 
re
qu
ire
m
en
ts
 
¨
W
in
d 
di
re
ct
io
n 
in
di
ca
to
r d
ev
ic
es
 (i
.e
., 
w
in
d 
so
ck
s)
 
¨
Al
ar
m
 s
ys
te
m
s 
¨
M
ed
ic
al
 fa
ci
lit
ie
s 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 c
lo
se
d 
ci
rc
ui
t 
te
le
vi
si
on
 m
on
ito
rin
g 
sy
st
em
s,
 p
ro
ce
ss
 h
az
ar
d 
an
al
ys
is
 (P
H
A
) s
tu
dy
 c
on
si
de
ra
tio
ns
 
Not required for project. 
Fi
re
 p
ro
te
ct
io
n 
an
d 
sa
fe
ty
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (e
.g
., 
pr
oc
es
s 
de
si
gn
, h
ea
lth
 
an
d 
sa
fe
ty
 e
xe
cu
tiv
es
, 
an
d 
pr
oj
ec
t 
m
an
ag
em
en
t) 
as
 a
 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
fir
e 
pr
ot
ec
tio
n 
de
si
gn
 b
as
is
 in
cl
ud
es
: 
Sy
st
em
 h
yd
ra
ul
ic
 
st
ud
ie
s,
 fi
re
 w
at
er
 
de
m
an
d,
 fi
re
 a
nd
 g
as
 
de
te
ct
or
 la
yo
ut
 a
nd
 
ha
rd
w
ar
e,
 h
yd
ra
ul
ic
 
re
po
rts
, a
nd
 s
af
et
y 
an
d 
se
cu
rit
y 
pl
an
s 
ha
ve
 
be
en
 d
oc
um
en
te
d.
  
M
os
t o
f t
he
 fi
re
 
pr
ot
ec
tio
n 
an
d 
sa
fe
ty
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
 a
nd
 a
re
 
un
de
r r
ev
ie
w
. T
he
 
sy
st
em
 c
on
fig
ur
at
io
n 
is
 b
ei
ng
 fi
na
liz
ed
. 
St
ak
eh
ol
de
rs
 h
av
e 
re
vi
ew
ed
 a
nd
 
co
m
m
en
te
d 
on
 th
e 
dr
af
t d
oc
um
en
ts
. 
 A 
dr
af
t f
ire
 p
ro
te
ct
io
n 
pl
an
, s
ite
 s
af
et
y,
 a
nd
 
se
cu
rit
y 
pl
an
 h
av
e 
be
en
 c
om
pl
et
ed
 a
nd
 
re
vi
ew
ed
 w
ith
 k
ey
 
st
ak
eh
ol
de
rs
. A
 fe
w
 
is
su
es
 s
uc
h 
as
 lo
ca
tio
n 
of
 m
on
ito
rs
/ 
hy
dr
an
ts
/s
af
et
y 
sh
ow
er
s 
or
 g
as
 
de
te
ct
or
s 
ha
ve
 n
ot
 
be
en
 fi
na
liz
ed
. 
 
Fi
re
 p
ro
te
ct
io
n 
an
d 
sa
fe
ty
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
, 
bu
t t
he
 s
ys
te
m
 
co
nf
ig
ur
at
io
n 
is
 s
til
l 
be
in
g 
de
ve
lo
pe
d.
  
 A 
dr
af
t f
ire
 p
ro
te
ct
io
n 
pl
an
, s
ite
 s
af
et
y,
 a
nd
 
se
cu
rit
y 
pl
an
 a
re
 b
ei
ng
 
de
ve
lo
pe
d.
 
 Pr
el
im
in
ar
y 
de
fin
iti
on
 
on
 th
e 
fo
llo
w
in
g 
ite
m
s 
ha
s 
st
ar
te
d:
 lo
ca
tio
n 
of
 
m
on
ito
rs
/h
yd
ra
nt
s/
 
sa
fe
ty
 s
ho
w
er
s/
fir
e 
an
d 
ga
s 
de
te
ct
or
s,
 s
ite
 
sa
fe
ty
 a
nd
 s
ec
ur
ity
 
pl
an
. 
 
Fi
re
 p
ro
te
ct
io
n 
an
d 
sa
fe
ty
 re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 
ap
pl
ie
d 
to
 th
is
 e
ffo
rt
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
/c
on
su
lti
ng
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
 G
en
er
al
 c
on
ce
pt
s 
fo
r 
fir
e 
w
at
er
 s
up
pl
y,
 fi
re
 
an
d 
ga
s 
de
te
ct
io
n,
 a
nd
 
m
et
ho
ds
 fo
r f
ire
 
su
pp
re
ss
io
n 
in
 d
iff
er
en
t 
ar
ea
s,
 h
av
e 
be
en
 
id
en
tif
ie
d.
 
C
on
ce
pt
s 
fo
r p
la
nt
 
ev
ac
ua
tio
n 
an
d 
em
er
ge
nc
y 
re
sp
on
se
 
ha
ve
 b
ee
n 
di
sc
us
se
d.
 
  
Not yet started. 
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C
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0 
1 
2 
3 
4 
5 
G
1.
 P
ro
ce
ss
 F
lo
w
 S
he
et
s 
 
D
ra
w
in
gs
 th
at
 p
ro
vi
de
 th
e 
pr
oc
es
s 
de
sc
rip
tio
n 
of
 th
e 
un
it/
fa
ci
lit
y 
sh
ou
ld
 
be
 d
ev
el
op
ed
. E
va
lu
at
io
n 
cr
ite
ria
 
sh
ou
ld
 in
cl
ud
e:
 
 ¨
M
aj
or
 e
qu
ip
m
en
t i
te
m
s 
¨
Fl
ow
 o
f m
at
er
ia
ls
 to
 a
nd
 fr
om
 
th
e 
m
aj
or
 e
qu
ip
m
en
t i
te
m
s 
¨
Pr
im
ar
y 
co
nt
ro
l l
oo
ps
 fo
r t
he
 
m
aj
or
 e
qu
ip
m
en
t i
te
m
s 
¨
Su
ffi
ci
en
t i
nf
or
m
at
io
n 
to
 a
llo
w
 
si
zi
ng
 o
f a
ll 
pr
oc
es
s 
lin
es
 
¨
O
th
er
  
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 m
ai
n 
co
ns
tru
ct
io
n 
m
at
er
ia
ls
 fo
r 
eq
ui
pm
en
t a
nd
 p
ip
in
g 
sy
st
em
s 
 
 
Not required for project. 
Pr
oc
es
s 
flo
w
 d
ia
gr
am
s 
(P
FD
’s
) h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Pr
oc
es
s 
st
ep
s 
ha
ve
 b
ee
n 
op
tim
iz
ed
 fo
r t
he
 
fo
llo
w
in
g:
 m
at
er
ia
l a
nd
 
en
er
gy
 u
sa
ge
, p
ro
ce
ss
 
an
d 
ut
ilit
y 
lin
es
 (e
.g
., 
fe
ed
, p
ro
du
ct
, 
in
te
rm
ed
ia
te
, r
ec
yc
le
s,
 
pu
rg
es
, r
el
ie
f s
ys
te
m
s,
 
w
as
te
, a
nd
 m
aj
or
 s
ta
rt-
up
 
lin
es
). 
A
ll 
pr
oc
es
s,
 u
til
ity
 
lin
es
, p
rim
ar
y 
co
nt
ro
l 
lo
op
s 
an
d 
pa
ck
ag
ed
 
sy
st
em
s 
eq
ui
pm
en
t a
re
 
sh
ow
n 
an
d 
si
ze
d.
 
Su
ffi
ci
en
t d
at
a 
is
 s
ho
w
n 
to
 a
llo
w
 s
iz
in
g 
of
 a
ll 
pr
oc
es
s 
an
d 
ut
ilit
y 
lin
es
 
w
hi
ch
 in
cl
ud
es
 fl
ow
 ra
te
, 
te
m
pe
ra
tu
re
 &
 p
re
ss
ur
e,
 
ph
as
e,
 a
nd
 p
hy
si
ca
l 
pr
op
er
tie
s.
 P
ro
ce
ss
 
re
qu
ire
m
en
ts
 a
re
 n
ot
ed
 
(e
.g
., 
cr
iti
ca
l e
le
va
tio
ns
, 
lo
ca
tio
ns
, d
is
ta
nc
es
, a
nd
 
sp
ec
ia
l v
al
vi
ng
). 
M
os
t o
f t
he
 P
FD
’s
 h
av
e 
be
en
 
is
su
ed
 fo
r r
ev
ie
w
 a
nd
 p
ro
ce
ss
 
ha
za
rd
 a
na
ly
si
s 
(P
H
A
) h
as
 
be
en
 d
oc
um
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
 PF
D
’s
 h
av
e 
be
en
 th
ro
ug
h 
a 
m
ul
ti-
di
sc
ip
lin
e 
re
vi
ew
 a
nd
 a
re
 
es
se
nt
ia
lly
 c
om
pl
et
e 
ex
ce
pt
 fo
r 
sp
ec
ifi
c 
de
fin
ed
 h
ol
ds
 a
nd
/o
r 
m
in
or
 d
ef
ic
ie
nc
ie
s.
 P
ro
ce
ss
 
st
ep
s 
ha
ve
 b
ee
n 
op
tim
iz
ed
 fo
r 
th
e 
fo
llo
w
in
g:
 m
at
er
ia
l a
nd
 
en
er
gy
 u
sa
ge
, p
ro
ce
ss
 a
nd
 
ut
ilit
y 
lin
es
 (e
.g
., 
fe
ed
, p
ro
du
ct
, 
in
te
rm
ed
ia
te
). 
A
ll 
pr
oc
es
s,
 u
til
ity
 
lin
es
, p
rim
ar
y 
co
nt
ro
l l
oo
ps
 a
nd
 
pa
ck
ag
ed
 s
ys
te
m
s 
eq
ui
pm
en
t 
ar
e 
sh
ow
n 
an
d 
si
ze
d.
 S
uf
fic
ie
nt
 
da
ta
 is
 s
ho
w
n 
to
 a
llo
w
 s
iz
in
g 
of
 
al
l p
ro
ce
ss
 a
nd
 u
til
ity
 li
ne
s 
w
hi
ch
 in
cl
ud
es
 fl
ow
 ra
te
, 
te
m
pe
ra
tu
re
 a
nd
 p
re
ss
ur
e,
 
ph
as
e,
 a
nd
 p
hy
si
ca
l p
ro
pe
rti
es
. 
Pr
oc
es
s 
re
qu
ire
m
en
ts
 a
re
 n
ot
ed
 
(e
.g
., 
cr
iti
ca
l e
le
va
tio
ns
 a
nd
 
lo
ca
tio
ns
). 
So
m
e 
PF
D
’s
 h
av
e 
be
en
 is
su
ed
 fo
r 
re
vi
ew
 w
ith
 
de
fic
ie
nc
ie
s.
 
 So
m
e 
of
 th
e 
m
ec
ha
ni
ca
l e
qu
ip
m
en
t 
pa
ck
ag
es
, p
ro
ce
ss
 
eq
ui
pm
en
t, 
sy
st
em
s 
eq
ui
pm
en
t, 
an
d 
m
aj
or
 
of
f-s
ite
 a
nd
 u
til
ity
 
eq
ui
pm
en
t a
re
 
do
cu
m
en
te
d 
w
ith
 
pr
el
im
in
ar
y 
re
qu
ire
m
en
ts
 n
ot
ed
 fo
r 
ot
he
r e
qu
ip
m
en
t. 
 
Pr
oc
es
s,
 o
ff-
si
te
 a
nd
 
ut
ilit
y 
lin
es
 a
re
 
do
cu
m
en
te
d 
w
ith
 
de
fic
ie
nc
ie
s.
  D
at
a 
is
 
co
m
pi
le
d 
(in
cl
ud
in
g 
flo
w
 ra
te
, t
em
pe
ra
tu
re
 
an
d 
pr
es
su
re
, p
ha
se
, 
ph
ys
ic
al
 p
ro
pe
rti
es
) t
o 
al
lo
w
 s
iz
in
g 
of
 s
om
e 
of
 
th
e 
lin
es
. S
om
e 
pr
el
im
in
ar
y 
te
m
pe
ra
tu
re
 a
nd
 
pr
es
su
re
 p
ro
fil
es
 a
re
 
do
cu
m
en
te
d.
  S
om
e 
pr
oc
es
s 
re
qu
ire
m
en
ts
 
ar
e 
id
en
tif
ie
d 
(e
.g
., 
cr
iti
ca
l e
le
va
tio
ns
, 
lo
ca
tio
ns
, d
is
ta
nc
es
 
an
d 
sp
ec
ia
l v
al
vi
ng
). 
Pr
el
im
in
ar
y 
PF
D
’s
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 
ap
pl
ie
d 
to
 th
is
 e
ffo
rt
. 
 M
aj
or
 p
ro
ce
ss
 
eq
ui
pm
en
t i
s 
id
en
tif
ie
d 
an
d 
si
ze
d 
al
on
g 
w
ith
 
m
aj
or
 p
ro
ce
ss
, o
ffs
ite
 
an
d 
ut
ilit
y 
lin
es
. 
Pr
el
im
in
ar
y 
m
as
s 
flo
w
 
ra
te
s 
ar
e 
de
ve
lo
pe
d 
w
ith
 e
no
ug
h 
da
ta
 fo
r 
pr
el
im
in
ar
y 
lin
e 
si
zi
ng
.  
M
in
or
 p
ro
ce
ss
 a
nd
 
ut
ilit
y 
eq
ui
pm
en
t o
r 
sy
st
em
s 
ar
e 
no
t f
ul
ly
 
de
fin
ed
 o
r s
iz
ed
.  
Bo
un
da
rie
s 
fo
r m
aj
or
 
pa
ck
ag
ed
 s
ys
te
m
s 
do
cu
m
en
te
d,
 b
ut
 th
e 
sy
st
em
s 
no
t f
ul
ly
 
de
fin
ed
. 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
D
ef
in
iti
on
 o
f O
w
ne
r’s
 
re
qu
ire
m
en
ts
 fo
r u
pd
at
in
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s.
  
 
Th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s 
ha
ve
 b
ee
n 
fu
lly
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
. 
 
Th
e 
re
qu
ire
m
en
ts
 fo
r u
pd
at
in
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d.
 
 
Th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s 
ar
e 
in
 p
ro
gr
es
s 
an
d 
no
t 
do
cu
m
en
te
d.
 
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s.
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G
2.
 H
ea
t &
 M
at
er
ia
l B
al
an
ce
s 
H
ea
t b
al
an
ce
s 
ar
e 
ta
bl
es
 o
f h
ea
t i
np
ut
 a
nd
 
ou
tp
ut
 fo
r m
aj
or
 e
qu
ip
m
en
t i
te
m
s 
(in
cl
ud
in
g 
al
l 
he
at
 e
xc
ha
ng
er
s)
 w
ith
in
 th
e 
un
it.
 M
at
er
ia
l 
ba
la
nc
es
 a
re
 ta
bl
es
 o
f m
at
er
ia
l i
np
ut
 a
nd
 
ou
tp
ut
 fo
r a
ll 
eq
ui
pm
en
t i
te
m
s 
w
ith
in
 th
e 
un
it.
 
Th
e 
do
cu
m
en
ta
tio
n 
of
 th
es
e 
ba
la
nc
es
 s
ho
ul
d 
in
cl
ud
e:
 
 ¨
Sp
ec
ia
l h
ea
t b
al
an
ce
 ta
bl
es
 fo
r r
ea
ct
io
n 
sy
st
em
s 
¨
In
fo
rm
at
io
n 
on
 th
e 
co
nd
iti
on
s 
(e
.g
., 
te
m
pe
ra
tu
re
, p
re
ss
ur
e,
 , 
an
d 
st
ea
dy
 o
r 
un
st
ea
dy
 s
ta
te
) 
¨
Vo
lu
m
et
ric
 a
m
ou
nt
 (e
.g
., 
ga
llo
ns
 p
er
 
m
in
ut
e 
(G
PM
), 
lit
er
s 
pe
r s
ec
on
d 
(L
PS
), 
cu
bi
c 
fe
et
 p
er
 m
in
ut
e 
(C
FM
)) 
or
 m
as
s 
flo
w
 ra
te
s 
¨
Al
l r
el
ie
f a
nd
 e
nv
iro
nm
en
ta
l s
ys
te
m
s 
¨
O
th
er
 
Not required for project. 
He
at
 a
nd
 m
at
er
ia
l 
ba
la
nc
e 
pr
oc
es
s 
de
si
gn
/ 
ca
lc
ul
at
io
ns
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 In
te
gr
at
ed
 s
ys
te
m
 te
m
p 
ba
la
nc
es
 h
av
e 
be
en
 
co
m
pl
et
ed
 b
as
ed
 o
n 
ac
cu
ra
te
 e
qu
ilib
riu
m
/y
ie
ld
 
da
ta
 d
er
iv
ed
 fr
om
 b
en
ch
 
sc
al
e/
pi
lo
t p
la
nt
 ru
ns
. 
C
al
cu
la
tio
ns
 h
av
e 
be
en
 
co
m
pl
et
ed
 to
 in
co
rp
or
at
e 
an
y 
pr
oc
es
s 
ha
za
rd
 
an
al
ys
is
 (P
H
A)
 a
nd
 
pr
oc
es
s 
flo
w
 d
ia
gr
am
s 
(P
FD
) r
ev
ie
w
 
re
co
m
m
en
da
tio
ns
. 
Pr
oc
es
s 
st
ep
s 
ha
ve
 b
ee
n 
op
tim
iz
ed
 fo
r m
at
er
ia
l a
nd
 
en
er
gy
 u
sa
ge
. A
ll 
ap
pl
ic
ab
le
 v
al
ue
 a
dd
in
g 
pr
ac
tic
es
 (V
AP
’s
) h
av
e 
be
en
 a
pp
lie
d.
 
Te
m
pe
ra
tu
re
 a
nd
 
pr
es
su
re
 p
ro
fil
es
 h
av
e 
be
en
 c
al
cu
la
te
d 
fo
r 
no
rm
al
 o
pe
ra
tin
g 
co
nd
iti
on
s 
as
 w
el
l a
s 
up
se
t a
nd
 s
ta
rt-
up
 
co
nd
iti
on
s.
 E
qu
ip
m
en
t 
si
zi
ng
 c
om
pl
et
e 
fo
r a
ll 
eq
ui
pm
en
t, 
in
cl
ud
in
g 
pr
oc
es
s,
 u
til
ity
, 
em
er
ge
nc
y 
sy
st
em
s 
an
d 
en
vi
ro
nm
en
ta
l s
ys
te
m
s.
 
M
os
t o
f t
he
 p
ro
ce
ss
 
de
si
gn
/c
al
cu
la
tio
ns
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 
ye
t a
pp
ro
ve
d.
 
 In
te
gr
at
ed
 s
ys
te
m
 
m
at
er
ia
l b
al
an
ce
s 
ar
e 
co
m
pl
et
ed
 b
as
ed
 o
n 
ac
cu
ra
te
 e
qu
ilib
riu
m
/y
ie
ld
 
da
ta
.  
Pr
oc
es
s 
st
ep
s 
ha
ve
 
be
en
 o
pt
im
iz
ed
 fo
r 
m
at
er
ia
l a
nd
 e
ne
rg
y 
us
ag
e.
  A
ll 
ap
pl
ic
ab
le
 
VA
P’
s 
ar
e 
be
in
g 
ap
pl
ie
d.
 
M
os
t o
f t
he
 te
m
pe
ra
tu
re
 
an
d 
pr
es
su
re
 p
ro
fil
es
 a
re
 
ca
lc
ul
at
ed
 fo
r n
or
m
al
 
op
er
at
in
g 
co
nd
iti
on
s 
as
 
w
el
l a
s 
up
se
t a
nd
 s
ta
rt-
up
 
co
nd
iti
on
s.
 E
qu
ip
m
en
t 
si
zi
ng
 c
om
pl
et
e 
fo
r a
ll 
eq
ui
pm
en
t, 
in
cl
ud
in
g 
pr
oc
es
s,
 u
til
ity
, 
em
er
ge
nc
y 
sy
st
em
s 
an
d 
en
vi
ro
nm
en
ta
l s
ys
te
m
s.
  .
 
Th
er
e 
ar
e 
no
 s
ig
ni
fic
an
t 
ho
ld
s 
fo
r d
ef
ic
ie
nc
ie
s.
 
Pr
oc
es
s 
de
si
gn
 
ca
lc
ul
at
io
ns
 a
re
 in
 
pr
og
re
ss
. 
 R
el
ie
f a
nd
 e
nv
iro
nm
en
ta
l 
ca
lc
ul
at
io
ns
 h
av
e 
no
t 
be
en
 s
ta
rte
d.
  P
ro
ce
ss
 
st
ep
s 
ar
e 
no
t o
pt
im
iz
ed
 
fo
r m
at
er
ia
ls
 a
nd
 e
ne
rg
y.
  
VA
P’
s 
su
ch
 a
s 
de
si
gn
 to
 
ca
pa
ci
ty
, p
ro
ce
ss
 
si
m
pl
ifi
ca
tio
n,
 v
al
ue
 
en
gi
ne
er
in
g,
 m
at
er
ia
ls
 
se
le
ct
io
n,
 a
nd
 
co
ns
tru
ct
ab
ilit
y 
ha
ve
 n
ot
 
be
en
 a
pp
lie
d.
 A
cc
ur
at
e 
eq
ui
lib
riu
m
/y
ie
ld
 d
at
a 
is
 
be
in
g 
de
ve
lo
pe
d 
an
d 
co
m
po
ne
nt
 m
at
er
ia
l 
ba
la
nc
es
 h
av
e 
be
en
 
st
ar
te
d.
 M
aj
or
 p
ro
ce
ss
 
eq
ui
pm
en
t i
s 
si
ze
d.
 
Pr
el
im
in
ar
y 
te
m
pe
ra
tu
re
 
an
d 
pr
es
su
re
 p
ro
fil
es
 a
re
 
ca
lc
ul
at
ed
. T
he
re
 m
ay
 
be
 s
om
e 
ho
ld
s 
or
 
de
fic
ie
nc
ie
s.
 
Pr
el
im
in
ar
y 
m
as
s 
ba
la
nc
es
 fo
r p
ro
ce
ss
 
bl
oc
ks
 o
r p
ro
ce
ss
 u
ni
ts
 
w
ith
 m
aj
or
 fe
ed
 a
nd
 
pr
od
uc
t s
tre
am
s 
id
en
tif
ie
d 
w
ith
 o
ve
ra
ll 
ca
pa
ci
tie
s 
no
te
d.
 
 C
om
po
ne
nt
 b
al
an
ce
s 
ha
ve
 n
ot
 b
ee
n 
ca
lc
ul
at
ed
.  
Te
m
pe
ra
tu
re
s 
an
d 
pr
es
su
re
s 
ha
ve
 n
ot
 b
ee
n 
de
te
rm
in
ed
. L
itt
le
 o
r n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 th
is
 
to
pi
c 
an
d 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
Not yet started.  
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
D
ef
in
iti
on
 o
f O
w
ne
r’s
 re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
he
at
 a
nd
 m
at
er
ia
l 
ba
la
nc
es
. 
Th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
pr
oc
es
s 
flo
w
 s
he
et
s 
fu
lly
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. 
Th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
he
at
 a
nd
 
m
at
er
ia
l b
al
an
ce
s 
ha
ve
 
be
en
 d
oc
um
en
te
d.
 
Th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
he
at
 
an
d 
m
at
er
ia
l b
al
an
ce
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
bu
t 
no
t d
oc
um
en
te
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
ha
s 
be
en
 e
xp
en
de
d 
on
 
th
e 
re
qu
ire
m
en
ts
 fo
r 
up
da
tin
g 
ex
is
tin
g 
he
at
 a
nd
 
m
at
er
ia
l b
al
an
ce
s.
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G
3.
 P
ip
in
g 
& 
In
st
ru
m
en
ta
tio
n 
Di
ag
ra
m
s 
(P
&I
Ds
)  
Th
es
e 
ar
e 
of
te
n 
re
fe
rre
d 
to
 b
y 
di
ffe
re
nt
 
co
m
pa
ni
es
 a
s:
 
 
EF
D
s 
– 
En
gi
ne
er
in
g 
Fl
ow
 D
ia
gr
am
s 
M
FD
s 
– 
M
ec
ha
ni
ca
l F
lo
w
 D
ia
gr
am
s 
PM
C
D
s 
– 
Pr
oc
es
s 
& 
M
ec
ha
ni
ca
l C
on
tro
l 
D
ia
gr
am
s 
 
In
 g
en
er
al
, P
&I
D
s 
ar
e 
co
ns
id
er
ed
 to
 b
e 
a 
cr
iti
ca
l 
el
em
en
t w
ith
in
 th
e 
sc
op
e 
de
fin
iti
on
 p
ac
ka
ge
 o
f a
n 
in
du
st
ria
l p
ro
je
ct
. P
&I
D
s 
sh
ou
ld
 a
dd
re
ss
 th
e 
fo
llo
w
in
g 
ar
ea
s:
 
 ¨
Eq
ui
pm
en
t 
¨
Pi
pi
ng
 
¨
Va
lv
es
 
¨
Pi
pi
ng
 s
pe
ci
al
ty
 it
em
s 
¨
U
til
iti
es
 
¨
In
st
ru
m
en
ta
tio
n 
¨
Sa
fe
ty
 s
ys
te
m
s 
¨
Sp
ec
ia
l n
ot
at
io
ns
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
S
om
e 
ow
ne
rs
 m
ay
 w
an
t t
o 
pe
rfo
rm
 th
e 
of
fic
ia
l 
pr
oc
es
s 
ha
za
rd
 a
na
ly
si
s 
(P
H
A
) l
at
er
 in
 d
et
ai
le
d 
en
gi
ne
er
in
g.
  I
f t
ha
t i
s 
th
e 
ca
se
, t
he
y 
ne
ed
 to
 b
e 
aw
ar
e 
th
at
 s
ig
ni
fic
an
t s
co
pe
 in
cr
ea
se
 m
ay
 re
su
lt 
af
te
r t
he
 P
H
A
 is
 c
om
pl
et
e.
  T
ha
t i
s 
a 
ris
k.
  I
f a
 
P
H
A
 is
 n
ot
 c
on
du
ct
ed
 in
 F
E
E
D
, t
he
n 
th
is
 e
le
m
en
t 
sh
ou
ld
 n
ot
 b
e 
as
se
ss
ed
 a
s 
a 
de
fin
iti
on
 le
ve
l 1
 o
r 
2.
 
 S
in
ce
 in
co
m
pl
et
e 
in
fo
rm
at
io
n 
on
 P
&
ID
’s
 is
 
fre
qu
en
tly
 id
en
tif
ie
d 
as
 a
 s
ou
rc
e 
of
 p
ro
je
ct
 
es
ca
la
tio
n,
 it
 is
 im
po
rta
nt
 to
 u
nd
er
st
an
d 
th
ei
r 
le
ve
l o
f c
om
pl
et
en
es
s.
 It
 is
 u
nl
ik
el
y 
th
at
 P
&
ID
’s
 to
 
be
 c
om
pl
et
el
y 
de
fin
ed
 in
 a
 p
ro
je
ct
’s
 s
co
pe
 
de
fin
iti
on
 p
ac
ka
ge
. H
ow
ev
er
, t
he
 P
&
ID
’s
 m
us
t b
e 
co
m
pl
et
e 
en
ou
gh
 to
 s
up
po
rt 
th
e 
ac
cu
ra
cy
 o
f t
he
 
es
tim
at
e 
re
qu
ire
d.
 M
or
eo
ve
r, 
in
st
ru
m
en
ta
tio
n 
si
zi
ng
 a
nd
 s
el
ec
tio
n 
ar
e 
ty
pi
ca
lly
 c
om
pl
et
ed
. 
Not required for project. 
P&
ID
s 
ar
e 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
 P&
ID
’s
 a
re
 u
pd
at
ed
 p
er
 P
H
A 
re
vi
ew
.  
Al
l a
pp
lic
ab
le
 v
al
ue
 
ad
di
ng
 p
ra
ct
ic
es
 (V
AP
’s
) a
re
 
co
m
pl
et
ed
. A
ll 
eq
ui
pm
en
t, 
in
cl
ud
in
g 
pa
ck
ag
ed
 s
ys
te
m
s 
an
d 
th
ei
r c
om
po
ne
nt
 
eq
ui
pm
en
t a
nd
 c
on
tro
ls
, a
re
 
do
cu
m
en
te
d 
(a
lo
ng
 w
ith
 
co
m
pl
et
e 
eq
ui
pm
en
t d
at
a,
 
no
zz
le
 s
iz
es
, a
nd
 H
P/
en
er
gy
 
co
ns
um
pt
io
n)
. A
ll 
lin
es
 
do
cu
m
en
te
d 
(in
cl
ud
in
g 
pr
oc
es
s,
 re
cy
cl
es
, p
ur
ge
s,
 o
ff-
si
te
s,
 u
til
ity
, r
el
ie
f s
ys
te
m
s,
 
w
as
te
, s
ta
rt-
up
 li
ne
s,
 
pa
ck
ag
ed
 s
ys
te
m
s)
. A
ll 
lin
es
 
si
ze
d,
 n
um
be
re
d,
 a
nd
 p
ip
in
g 
m
at
er
ia
l s
pe
ci
fic
at
io
ns
 n
ot
ed
.  
Al
l s
pe
ci
al
 li
ne
 re
qu
ire
m
en
ts
 
no
te
d 
(e
.g
., 
sl
op
e,
 d
o-
no
t-
po
ck
et
). 
 A
ll 
eq
ui
pm
en
t a
nd
 
pi
pi
ng
 in
su
la
tio
n/
tra
ci
ng
 
sh
ow
n 
an
d 
sp
ec
ifi
ed
.  
Al
l 
in
st
ru
m
en
ta
tio
n 
(c
on
tro
l l
oo
ps
, 
pr
im
ar
y 
el
em
en
ts
 w
ith
 
si
ze
s/
m
et
er
 ru
ns
, m
ot
or
 
co
nt
ro
ls
, i
nt
er
lo
ck
s)
 ta
gg
ed
 
an
d 
sh
ow
n 
w
ith
 s
uf
fic
ie
nt
 
de
ta
il 
to
 a
llo
w
 d
es
ig
n 
di
sc
ip
lin
es
 to
 p
ro
ce
ed
 w
ith
 
de
ta
il 
de
si
gn
. A
ll 
re
lie
f d
ev
ic
es
 
an
d 
re
lie
f s
ys
te
m
s 
sh
ow
n 
w
ith
 
si
ze
s 
an
d 
re
lie
f c
on
di
tio
ns
 
no
te
d.
  A
ll 
m
an
ua
l v
al
ve
s 
sh
ow
n 
an
d 
sp
ec
ia
l 
re
qu
ire
m
en
ts
 n
ot
ed
.  
C
rit
ic
al
 p
ro
ce
ss
 re
qu
ire
m
en
ts
 
ar
e 
cl
ea
rly
 id
en
tif
ie
d 
on
 th
e 
P&
ID
s 
(s
lo
pe
, n
o 
po
ck
et
, 
st
ea
m
 o
ut
). 
Al
l p
ip
in
g 
sp
ec
ia
lti
es
 d
oc
um
en
te
d 
an
d 
si
ze
d.
 
M
os
t P
&I
D
s 
ar
e 
co
m
pl
et
e 
an
d 
is
su
ed
 fo
r 
PH
A,
 b
ut
 a
re
 n
ot
 y
et
 
ap
pr
ov
ed
. 
 P&
ID
s 
ha
ve
 b
ee
n 
th
ro
ug
h 
a 
m
ul
ti-
di
sc
ip
lin
e 
re
vi
ew
 
an
d 
ar
e 
es
se
nt
ia
lly
 
co
m
pl
et
e 
ex
ce
pt
 fo
r 
de
fin
ed
 h
ol
ds
 a
nd
/o
r 
m
in
or
 d
ef
ic
ie
nc
ie
s.
   
VA
P’
s 
ar
e 
be
in
g 
ap
pl
ie
d.
  
Al
l e
qu
ip
m
en
t, 
in
cl
ud
in
g 
pa
ck
ag
e 
sy
st
em
s 
an
d 
co
m
po
ne
nt
 e
qu
ip
m
en
t 
an
d 
co
nt
ro
ls
, a
re
 id
en
tif
ie
d 
(ta
gg
ed
). 
Eq
ui
pm
en
t d
at
a 
is
 li
st
ed
 fo
r a
ll 
eq
ui
pm
en
t 
w
ith
 o
nl
y 
m
in
or
 
de
fic
ie
nc
ie
s.
  A
ll 
pr
oc
es
s 
an
d 
ut
ilit
y 
lin
es
 a
re
 
id
en
tif
ie
d 
al
on
g 
w
ith
 s
iz
e,
 
nu
m
be
r, 
pi
pi
ng
 m
at
er
ia
l 
sp
ec
ifi
ca
tio
ns
, a
nd
 
in
su
la
tio
n 
an
d 
tra
ci
ng
 
re
qu
ire
m
en
ts
.  
Al
l 
in
st
ru
m
en
ta
tio
n 
(e
.g
., 
co
nt
ro
l l
oo
ps
, p
rim
ar
y 
el
em
en
ts
 w
ith
 s
iz
es
/m
et
er
 
ru
ns
, m
ot
or
 c
on
tro
ls
, 
in
te
rlo
ck
s)
 is
 id
en
tif
ie
d 
(ta
gg
ed
). 
Al
l r
el
ie
f d
ev
ic
es
 
an
d 
re
lie
f s
ys
te
m
s 
id
en
tif
ie
d 
w
ith
 s
iz
es
 a
nd
 
re
lie
f c
on
di
tio
ns
 n
ot
ed
. A
ll 
m
an
ua
l v
al
ve
s 
id
en
tif
ie
d 
an
d 
sp
ec
ia
l r
eq
ui
re
m
en
ts
 
no
te
d 
(e
.g
., 
ca
r s
ea
le
d 
cl
os
ed
 (C
SC
), 
an
d 
ca
r 
se
al
ed
 o
pe
n 
(C
SO
)).
   
C
rit
ic
al
 p
ro
ce
ss
 
re
qu
ire
m
en
ts
 a
re
 c
le
ar
ly
 
id
en
tif
ie
d 
(e
.g
., 
sl
op
e,
 n
o 
po
ck
et
, s
te
am
 o
ut
). 
Al
l 
pi
pi
ng
 s
pe
ci
al
tie
s 
do
cu
m
en
te
d 
an
d 
si
ze
d.
 
P&
ID
's
 a
re
 is
su
ed
 fo
r 
re
vi
ew
, w
ith
 
si
gn
ifi
ca
nt
 h
ol
ds
 a
nd
 
de
fic
ie
nc
ie
s.
 
 Al
l p
ro
ce
ss
 e
qu
ip
m
en
t 
is
 id
en
tif
ie
d,
 a
s 
is
 m
os
t 
of
 th
e 
ot
he
r m
ec
ha
ni
ca
l 
eq
ui
pm
en
t, 
al
l w
ith
 
co
ns
is
te
nt
 ta
g 
nu
m
be
rs
. P
ac
ka
ge
d 
sy
st
em
s 
an
d 
th
ei
r 
bo
un
da
rie
s 
ar
e 
sh
ow
n 
w
ith
 m
aj
or
 c
om
po
ne
nt
s 
al
on
g 
w
ith
 k
ey
 o
r 
sp
ec
ifi
ed
 c
on
tro
ls
.  
Eq
ui
pm
en
t d
at
a 
is
 
lis
te
d 
fo
r m
os
t o
f t
he
 
pr
oc
es
s 
eq
ui
pm
en
t a
nd
 
ot
he
r e
qu
ip
m
en
t a
s 
av
ai
la
bl
e.
 T
yp
es
 o
f 
m
ot
or
 d
riv
er
s 
ar
e 
sh
ow
n 
fo
r a
ll 
eq
ui
pm
en
t i
nc
lu
di
ng
 
ho
rs
e 
po
w
er
 
(H
P)
/e
ne
rg
y 
w
he
re
 
kn
ow
n.
 M
os
t p
ro
ce
ss
 
an
d 
ut
ilit
y 
lin
es
 a
re
 
sh
ow
n 
al
on
g 
w
ith
 s
iz
e,
 
nu
m
be
r, 
pi
pi
ng
 m
at
er
ia
l 
sp
ec
ifi
ca
tio
ns
, 
in
su
la
tio
n,
 a
nd
 tr
ac
in
g 
re
qu
ire
m
en
ts
 a
s 
av
ai
la
bl
e.
 A
ll 
in
st
ru
m
en
ta
tio
n 
(e
.g
., 
co
nt
ro
l l
oo
ps
, p
rim
ar
y 
el
em
en
ts
, m
ot
or
 
co
nt
ro
ls
, i
nt
er
lo
ck
s)
 is
 
id
en
tif
ie
d 
(ta
gg
ed
) w
ith
 
si
ze
s 
pr
ov
id
ed
 w
he
re
 
kn
ow
n.
  M
os
t m
an
ua
l 
va
lv
es
 a
re
 id
en
tif
ie
d.
  
Pi
pi
ng
 s
pe
ci
al
tie
s 
ar
e 
id
en
tif
ie
d 
(ta
gg
ed
), 
w
ith
 
si
ze
s 
if 
kn
ow
n.
 
Pr
el
im
in
ar
y 
P&
ID
s 
ar
e 
de
ve
lo
pe
d 
an
d 
in
cl
ud
e 
m
aj
or
 
pr
oc
es
s 
an
d 
of
f-
si
te
 e
qu
ip
m
en
t, 
ut
ili
ty
 li
ne
s,
 a
nd
 
cr
iti
ca
l i
ns
tru
m
en
t 
co
nt
ro
l l
oo
ps
 w
ith
 
on
ly
 p
ar
tia
l 
de
fin
iti
on
. 
 M
aj
or
 p
ip
in
g 
m
at
er
ia
l 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 id
en
tif
ie
d.
  
Pa
ck
ag
ed
 s
ys
te
m
s’
 
bo
un
da
rie
s 
ar
e 
id
en
tif
ie
d.
  L
itt
le
 o
r 
no
 m
ee
tin
g 
tim
e 
or
 
de
si
gn
/ c
on
su
lti
ng
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
lit
tle
 h
as
 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
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M
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M
 
W
O
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T 
G
.
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O
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C
AL
 
0 
1 
2 
3 
4 
5 
G
3.
 P
ip
in
g 
& 
In
st
ru
m
en
ta
tio
n 
Di
ag
ra
m
s 
(P
&I
Ds
) c
on
tin
ue
d 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
 ¨
Ti
e-
in
 p
oi
nt
s 
¨
Ac
cu
ra
cy
 o
f e
xi
st
in
g 
P&
ID
’s
 
(fi
el
d 
ve
rif
y)
 
¨
Sc
op
e 
of
 W
or
k 
on
 e
xi
st
in
g 
P&
ID
s 
(c
lo
ud
in
g 
or
 s
ha
di
ng
 
to
 in
di
ca
te
: n
ew
, 
re
fu
rb
is
he
d,
 m
od
ifi
ed
, a
nd
/o
r 
re
lo
ca
te
d 
eq
ui
pm
en
t, 
pi
pi
ng
, 
in
st
ru
m
en
ts
, a
nd
 c
on
tro
ls
). 
 
Not required for project. 
Ite
m
s 
re
la
te
d 
to
 ti
e-
in
 
po
in
ts
, a
cc
ur
ac
y 
of
 
ex
is
tin
g 
P&
ID
’s
 a
nd
 
sc
op
e 
of
 w
or
k 
on
 
ex
is
tin
g 
P&
ID
’s
 h
as
 
be
en
 fu
lly
 a
dd
re
ss
ed
, 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. 
M
os
t i
te
m
s 
re
la
te
d 
to
 
tie
-in
 p
oi
nt
s,
 th
e 
ac
cu
ra
cy
 o
f e
xi
st
in
g 
P&
ID
’s
, a
nd
 th
e 
sc
op
e 
of
 w
or
k 
on
 th
e 
ex
is
tin
g 
P&
ID
’s
 h
as
 
be
en
 a
dd
re
ss
ed
 a
nd
 
do
cu
m
en
te
d.
 
So
m
e 
ite
m
s 
re
la
te
d 
to
 ti
e-
in
 p
oi
nt
s,
 th
e 
ac
cu
ra
cy
 o
f e
xi
st
in
g 
P&
ID
’s
 a
nd
 th
e 
sc
op
e 
of
 w
or
k 
on
 th
e 
ex
is
tin
g 
P&
ID
’s
 h
as
 
be
en
 a
dd
re
ss
ed
, b
ut
 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
ite
m
s 
re
la
te
d 
to
 
tie
-in
 p
oi
nt
s,
 th
e 
ac
cu
ra
cy
 o
f 
ex
is
tin
g 
P&
ID
’s
 
an
d 
th
e 
sc
op
e 
of
 
w
or
k 
on
 th
e 
ex
is
tin
g 
P&
ID
’s
. 
Not yet started. 
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O
F 
DE
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G
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De
fin
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on
 L
ev
el
 
 
N/
A 
BE
ST
 
  
M
ED
IU
M
 
W
O
RS
T 
G
.
PR
O
CE
SS
/M
EC
HA
NI
CA
L 
0 
1 
2 
3 
4 
5 
G
4.
 P
ro
ce
ss
 S
af
et
y 
M
an
ag
em
en
t (
PS
M
)  
Th
is
 e
le
m
en
t r
ef
er
s 
to
 a
 fo
rm
al
 
Pr
oc
es
s 
Sa
fe
ty
 M
an
ag
em
en
t 
H
az
ar
ds
 A
na
ly
si
s 
to
 id
en
tif
y 
po
te
nt
ia
l r
is
k 
of
 in
ju
ry
 to
 th
e 
en
vi
ro
nm
en
t o
r p
op
ul
ac
e.
 E
ac
h 
na
tio
na
l g
ov
er
nm
en
t (
or
 
or
ga
ni
za
tio
n)
 w
ill 
ha
ve
 th
ei
r 
sp
ec
ifi
c 
PS
M
 c
om
pl
ia
nc
e 
re
qu
ire
m
en
ts
 (f
or
 e
xa
m
pl
e,
 in
 
th
e 
U
.S
., 
O
SH
A 
R
eg
ul
at
io
n 
19
10
.1
19
 c
om
pl
ia
nc
e 
is
 
re
qu
ire
d)
. T
he
 im
po
rta
nt
 is
su
e 
is
 w
he
th
er
 th
e 
ow
ne
r h
as
 
cl
ea
rly
 c
om
m
un
ic
at
ed
 th
e 
re
qu
ire
m
en
ts
, m
et
ho
do
lo
gy
, 
an
d 
re
sp
on
si
bi
lit
y 
fo
r t
he
 
va
rio
us
 a
ct
iv
iti
es
. I
f t
he
 P
SM
 
ha
s 
no
t b
ee
n 
co
nd
uc
te
d,
 th
e 
te
am
 s
ho
ul
d 
co
ns
id
er
 th
e 
po
te
nt
ia
l o
f r
is
k 
th
at
 c
ou
ld
 a
ffe
ct
 
th
e 
sc
he
du
le
 a
nd
 c
os
t o
f t
he
 
pr
oj
ec
t. 
Not required for project. 
Pr
oc
es
s 
sa
fe
ty
 
m
an
ag
em
en
t (
PS
M
) 
co
m
pl
ia
nc
e 
re
qu
ire
m
en
ts
 a
nd
 
m
et
ho
do
lo
gy
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
.  
Pr
oc
es
s 
ha
za
rd
 a
na
ly
si
s 
(P
HA
) a
nd
 s
af
et
y 
in
te
gr
ity
 le
ve
ls
 
(S
IL
’s
) a
re
 
co
m
pl
et
ed
 a
nd
 
ap
pr
ov
ed
. 
 Al
l a
ct
iv
iti
es
 re
qu
ire
d 
fo
r P
SM
 c
om
pl
ia
nc
e 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
re
sp
on
si
bi
lit
ie
s 
as
si
gn
ed
. 
D
el
iv
er
ab
le
s 
re
qu
ire
d 
fo
r P
SM
 c
om
pl
ia
nc
e 
fro
m
 s
up
pl
ie
rs
 a
nd
 
co
nt
ra
ct
or
s 
ha
ve
 
be
en
 d
oc
um
en
te
d 
an
d 
co
m
m
un
ic
at
ed
 to
 
th
e 
re
sp
on
si
bl
e 
pa
rti
es
. 
M
os
t p
ro
ce
ss
 
sa
fe
ty
 
m
an
ag
em
en
t (
PS
M
) 
co
m
pl
ia
nc
e 
re
qu
ire
m
en
ts
 a
nd
 
m
et
ho
do
lo
gy
 h
av
e 
be
en
 d
ev
el
op
ed
, 
bu
t n
ot
 y
et
 
ap
pr
ov
ed
. 
 Ac
tiv
iti
es
 re
qu
ire
d 
fo
r P
SM
 c
om
pl
ia
nc
e 
id
en
tif
ie
d.
 
Pr
el
im
in
ar
y 
PH
A'
s 
ha
ve
 b
ee
n 
pr
ep
ar
ed
 
us
in
g 
pr
oc
es
s 
flo
w
 
di
ag
ra
m
s 
(P
FD
's)
. 
So
m
e 
pr
oc
es
s 
sa
fe
ty
 
m
an
ag
em
en
t 
(P
SM
) c
om
pl
ia
nc
e 
re
qu
ire
m
en
ts
 a
nd
 
m
et
ho
do
lo
gy
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 
 So
m
e 
ite
m
s 
re
la
te
d 
to
 P
SM
 h
av
e 
be
en
 
ad
dr
es
se
d,
 b
ut
 li
ttl
e 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Pr
el
im
in
ar
y 
pr
oc
es
s 
sa
fe
ty
 m
an
ag
em
en
t 
(P
SM
) o
pt
io
ns
 h
av
e 
be
en
 c
on
si
de
re
d 
an
d 
so
m
e 
in
iti
al
 th
ou
gh
ts
 
ha
ve
 b
ee
n 
ap
pl
ie
d 
to
 
th
is
 e
ffo
rt.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
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 L
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el
 
 
N/
A
 
BE
ST
 
  
M
ED
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M
 
W
O
RS
T 
G
.
PR
O
CE
SS
/M
EC
H
A
NI
CA
L 
0 
1 
2 
3 
4 
5 
G
5.
 U
til
ity
 F
lo
w
 D
ia
gr
am
s 
(U
FD
’s
)  
 Ut
ilit
y 
flo
w
 d
ia
gr
am
s 
ar
e 
si
m
ila
r t
o 
pr
oc
es
s 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
s)
 in
 th
at
 th
ey
 s
ho
w
 a
ll 
ut
ilit
y 
lin
es
 fr
om
 g
en
er
at
io
n 
or
 s
up
pl
y 
(i.
e.
, 
pi
pe
lin
e)
. T
he
y 
ar
e 
ge
ne
ra
lly
 la
id
 o
ut
 
in
 a
 m
an
ne
r t
o 
re
pr
es
en
t t
he
 
ge
og
ra
ph
ic
al
 la
yo
ut
 o
f t
he
 p
la
nt
. 
U
til
ity
 fl
ow
 d
ia
gr
am
s 
ar
e 
ev
al
ua
te
d 
us
in
g 
th
e 
sa
m
e 
is
su
e 
pr
oc
es
s 
as
 
P&
ID
s.
 
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
In
 m
an
y 
ca
se
s,
 th
e 
U
FD
’s
 a
re
 
do
cu
m
en
te
d 
on
 th
e 
P
&
ID
’s
 a
nd
 a
re
 
no
t s
ta
nd
 a
lo
ne
 d
el
iv
er
ab
le
s.
 U
FD
’s
 
ar
e 
cl
os
er
 to
 a
 P
FD
 le
ve
l o
f d
et
ai
l, 
in
cl
ud
in
g 
pi
pi
ng
, i
so
la
tio
n 
va
lv
es
, 
in
st
ru
m
en
ta
tio
n,
 a
nd
 e
qu
ip
m
en
t. 
A
dd
iti
on
al
ly
, t
he
 s
ou
rc
es
 o
f a
ll 
ut
ili
tie
s 
ar
e 
id
en
tif
ie
d 
an
d 
th
ei
r o
rig
in
 is
 k
no
w
n 
in
si
de
 a
nd
 o
ut
si
de
 th
e 
pl
an
t. 
 
Not required for project. 
UF
D’
s 
ar
e 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r 
de
ta
il 
de
si
gn
.  
 
 U
FD
’s
 h
av
e 
be
en
 th
ro
ug
h 
pr
op
er
 p
ro
ce
ss
 h
az
ar
d 
an
al
ys
is
 (P
H
A)
 a
nd
 
co
m
m
en
ts
/ r
ef
in
em
en
ts
 h
av
e 
be
en
 in
co
rp
or
at
ed
. 
 Al
l r
el
ev
an
t u
til
iti
es
 a
re
 
in
cl
ud
ed
, a
s 
w
el
l a
s 
a 
cl
ea
r 
illu
st
ra
tio
n 
of
 th
e 
so
ur
ce
s 
of
 
th
e 
ut
ilit
ie
s 
an
d 
th
e 
co
ns
um
er
s 
of
 th
e 
ut
ilit
ie
s 
(w
ith
 e
qu
ip
m
en
t o
r s
ys
te
m
 
nu
m
be
rs
, a
s 
ap
pl
ic
ab
le
). 
 
 An
 e
ne
rg
y/
 m
at
er
ia
l b
al
an
ce
 
ha
s 
be
en
 c
om
pl
et
ed
 a
nd
 
sh
ow
n 
on
 th
e 
U
FD
’s
, f
ul
ly
 
an
al
yz
in
g 
co
ns
um
pt
io
n 
re
qu
ire
m
en
ts
 a
nd
 s
iz
in
g 
ut
ilit
y 
so
ur
ce
s 
pr
op
er
ly
 (i
.e
., 
bo
ile
r s
iz
e 
ba
se
d 
on
 s
te
am
 
de
m
an
d 
re
qu
ire
m
en
ts
). 
 Pr
el
im
in
ar
y 
hy
dr
au
lic
 
an
al
ys
is
 h
as
 b
ee
n 
co
m
pl
et
ed
 
to
 v
al
id
at
e 
pi
pi
ng
 a
nd
 re
lie
f 
sy
st
em
 s
iz
in
g.
 
 Ba
si
c 
pr
oc
es
s 
da
ta
 h
as
 b
ee
n 
de
ve
lo
pe
d 
fo
r e
ac
h 
ut
ilit
y 
an
d 
is
 in
cl
ud
ed
 o
n 
th
e 
U
FD
, 
al
on
g 
w
ith
 e
ac
h 
ut
ilit
y 
so
ur
ce
 
su
pp
ly
/c
on
su
m
pt
io
n 
ra
te
.  
M
os
t U
FD
’s
 a
re
 c
om
pl
et
e 
an
d 
is
su
ed
 fo
r f
in
al
 
re
vi
ew
 a
nd
 P
HA
.  
 
 U
FD
’s
 h
av
e 
be
en
 th
ro
ug
h 
a 
re
vi
ew
 p
ro
ce
ss
 a
nd
 a
re
 
es
se
nt
ia
lly
 c
om
pl
et
e 
ex
ce
pt
 
fo
r s
pe
ci
fic
 d
ef
in
ed
 h
ol
ds
 
an
d/
or
 m
in
or
 d
ef
ic
ie
nc
ie
s.
 
 M
os
t r
el
ev
an
t u
til
iti
es
 a
re
 
in
cl
ud
ed
, a
s 
w
el
l a
s 
a 
cl
ea
r 
illu
st
ra
tio
n 
of
 th
e 
so
ur
ce
s 
of
 
th
e 
ut
ilit
ie
s 
an
d 
th
e 
co
ns
um
er
s 
of
 th
e 
ut
ilit
ie
s.
 
 An
 e
ne
rg
y/
m
at
er
ia
l b
al
an
ce
 
ha
s 
be
en
 m
os
tly
 
co
m
pl
et
ed
, b
ut
 n
ot
 fu
lly
 
do
cu
m
en
te
d.
 
 U
FD
’s
 a
re
 c
lo
se
r t
o 
a 
PF
D
 
le
ve
l o
f d
et
ai
l, 
in
cl
ud
in
g 
pi
pi
ng
, i
so
la
tio
n 
va
lv
es
, 
in
st
ru
m
en
ta
tio
n,
 a
nd
 
eq
ui
pm
en
t. 
 Ba
si
c 
pr
oc
es
s 
da
ta
 h
as
 
be
en
 d
ev
el
op
ed
 fo
r e
ac
h 
ut
ilit
y 
an
d 
is
 in
cl
ud
ed
 o
n 
th
e 
U
FD
. 
 
UF
D’
s 
ar
e 
is
su
ed
 fo
r 
re
vi
ew
, w
ith
 s
ig
ni
fic
an
t 
ho
ld
s 
an
d 
de
fic
ie
nc
ie
s.
 
 Pr
el
im
in
ar
y 
U
FD
’s
 h
av
e 
be
en
 d
ev
el
op
ed
 fo
r 
re
vi
ew
. S
om
e 
re
le
va
nt
 
ut
ilit
ie
s 
ar
e 
in
cl
ud
ed
, a
s 
w
el
l a
s 
a 
cl
ea
r i
llu
st
ra
tio
n 
of
 th
e 
so
ur
ce
s 
of
 th
e 
ut
ilit
ie
s 
an
d 
th
e 
co
ns
um
er
s 
of
 th
e 
ut
ilit
ie
s.
 
 
UF
D’
s 
ar
e 
ro
ug
hl
y 
sk
et
ch
ed
 w
ith
 m
ai
n 
sy
st
em
s 
an
d 
in
te
rc
on
ne
ct
io
ns
 
id
en
tif
ie
d.
 
 UF
D
 s
ke
tc
he
s 
ha
ve
 
be
en
 d
ra
fte
d 
an
d 
th
ey
 
in
cl
ud
e 
th
e 
re
le
va
nt
 
ut
ilit
ie
s,
 s
up
pl
y 
so
ur
ce
s 
an
d 
co
ns
um
er
s.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
  
¨
Ti
e-
in
 p
oi
nt
s 
¨
Ac
cu
ra
cy
 o
f e
xi
st
in
g 
U
FD
’s
 (f
ie
ld
 
ve
rif
y)
 
¨
Sc
op
e 
of
 W
or
k 
on
 e
xi
st
in
g 
U
FD
’s
 
(c
lo
ud
in
g 
or
 s
ha
di
ng
 to
 in
di
ca
te
: 
ne
w
, r
ef
ur
bi
sh
ed
, m
od
ifi
ed
, a
nd
/o
r 
re
lo
ca
te
d 
eq
ui
pm
en
t, 
pi
pi
ng
, 
in
st
ru
m
en
ts
, a
nd
 c
on
tro
ls
). 
Ite
m
s 
re
la
te
d 
to
 ti
e-
in
 p
oi
nt
s,
 
ac
cu
ra
cy
 o
f e
xi
st
in
g 
U
FD
’s
 
an
d 
sc
op
e 
of
 w
or
k 
ha
ve
 
be
en
 fu
lly
 a
dd
re
ss
ed
, 
do
cu
m
en
te
d,
 a
nd
 a
pp
ro
ve
d 
by
 k
ey
 s
ta
ke
ho
ld
er
s.
 
Ite
m
s 
re
la
te
d 
to
 ti
e-
in
 
po
in
ts
, a
cc
ur
ac
y 
of
 e
xi
st
in
g 
U
FD
’s
 a
nd
 s
co
pe
 o
f w
or
k 
ha
ve
 b
ee
n 
es
se
nt
ia
lly
 
co
m
pl
et
ed
, p
en
di
ng
 re
vi
ew
.  
Ite
m
s 
re
la
te
d 
to
 ti
e-
in
 
po
in
ts
, a
cc
ur
ac
y 
of
 
ex
is
tin
g 
U
FD
’s
 a
nd
 
sc
op
e 
of
 w
or
k 
ar
e 
st
ill 
in
 
de
ve
lo
pm
en
t. 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
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SE
CT
IO
N 
II 
– 
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SI
S 
O
F 
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G
N 
 
De
fin
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el
 
 
N/
A
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ST
 
  
M
ED
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O
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G
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O
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0 
1 
2 
3 
4 
5 
G
6.
 S
pe
ci
fic
at
io
ns
  
G
en
er
al
 s
pe
ci
fic
at
io
ns
 fo
r t
he
 d
es
ig
n,
 
pe
rfo
rm
an
ce
, m
an
uf
ac
tu
rin
g,
 a
nd
 
m
at
er
ia
l a
nd
 c
od
e 
re
qu
ire
m
en
ts
 s
ho
ul
d 
be
 d
oc
um
en
te
d,
 re
vi
ew
ed
 a
nd
 
ap
pr
ov
ed
 fo
r f
ur
th
er
 w
or
k.
 T
he
se
 
sp
ec
ifi
ca
tio
ns
 s
ho
ul
d 
in
cl
ud
e 
th
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
Eq
ui
pm
en
t a
nd
 P
ip
in
g 
Sp
ec
ifi
ca
tio
n 
Ph
ilo
so
ph
y 
¨
C
la
ss
es
 o
f e
qu
ip
m
en
t (
 e
.g
. 
pu
m
ps
, e
xc
ha
ng
er
s,
 v
es
se
ls
) 
¨
Pr
oc
es
s 
pi
pe
 h
ea
tin
g 
o
Pr
oc
es
s 
o
Fr
ee
ze
 
o
Ja
ck
et
ed
 
¨
Pr
oc
es
s 
pi
pe
 c
oo
lin
g 
o
Ja
ck
et
ed
 
o
Tr
ac
ed
 
¨
Pi
pi
ng
 S
er
vi
ce
 In
de
x 
¨
Pi
pi
ng
 d
es
ig
n 
 
¨
Pr
ot
ec
tiv
e 
C
oa
tin
g 
¨
In
su
la
tio
n 
¨
Va
lv
es
 
¨
Bo
lts
/G
as
ke
ts
 
¨
El
ec
tri
ca
l/I
ns
tru
m
en
ta
tio
n 
¨
C
iv
il,
 B
ui
ld
in
g&
 In
fra
st
ru
ct
ur
e 
¨
Fi
re
 P
ro
te
ct
io
n 
¨
O
th
er
 
Not required for project. 
Al
l s
pe
ci
fic
at
io
ns
 a
re
 
ap
pr
op
ria
te
ly
 
cu
st
om
iz
ed
 fo
r t
he
 
pr
oj
ec
t s
co
pe
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 G
en
er
al
 s
pe
ci
fic
at
io
n 
ph
ilo
so
ph
y 
an
d 
co
re
 
pr
oc
es
s/
m
ec
ha
ni
ca
l 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 
do
cu
m
en
te
d 
(e
.g
., 
ci
vi
l, 
co
at
in
g/
in
su
la
tio
n/
re
fra
ct
or
y 
(C
IR
), 
el
ec
tri
ca
l, 
fir
e 
pr
ot
ec
tio
n,
 e
qu
ip
m
en
t, 
he
at
in
g 
an
d 
co
ol
in
g,
 
in
st
ru
m
en
ta
tio
n,
 p
ip
in
g,
 
an
d 
pa
in
tin
g)
. 
 Ea
ch
 s
pe
ci
fic
at
io
n 
pa
ck
ag
e 
in
cl
ud
es
 re
le
va
nt
 
st
an
da
rd
 re
qu
ire
m
en
ts
, 
dr
aw
in
gs
, d
at
a 
sh
ee
ts
, 
in
sp
ec
tio
n,
 a
nd
 te
st
in
g 
re
qu
ire
m
en
t s
he
et
s 
(IT
R
S)
 a
nd
 d
oc
um
en
ta
tio
n 
re
qu
ire
m
en
t s
he
et
s 
(D
R
S)
 
as
 w
el
l a
s 
pr
oj
ec
t s
pe
ci
fic
 
ad
de
nd
a 
(P
SA
) a
nd
 
lo
ca
tio
n 
sp
ec
ifi
c 
ad
de
nd
a 
(L
SA
). 
 Sp
ec
ifi
ca
tio
n 
an
d 
as
so
ci
at
ed
 a
tta
ch
m
en
ts
 
ar
e 
id
en
tif
ia
bl
e 
w
ith
 a
 
un
iq
ue
 n
um
be
rin
g 
sy
st
em
. 
M
os
t s
pe
ci
fic
at
io
ns
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 y
et
 a
pp
ro
ve
d.
 
 A 
fe
w
 is
su
es
 a
re
 p
en
di
ng
 
cl
ar
ifi
ca
tio
n 
or
 n
ee
d 
re
so
lu
tio
n 
in
 th
e 
co
re
 s
pe
ci
fic
at
io
n,
 
st
an
da
rd
 d
ra
w
in
gs
, P
SA
, a
nd
 
LS
A.
 
Sp
ec
ifi
ca
tio
ns
 a
re
 b
ei
ng
 
de
fin
ed
 a
nd
 d
ev
el
op
ed
. 
Th
e 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
e 
is
 m
is
si
ng
 k
ey
 
da
ta
 e
le
m
en
ts
. 
 Im
po
rta
nt
 p
ie
ce
s 
of
 
in
fo
rm
at
io
n 
re
la
te
d 
to
 
de
si
gn
/o
pe
ra
tin
g 
co
nd
iti
on
s,
 a
re
a 
cl
as
si
fic
at
io
n 
re
qu
ire
m
en
ts
, d
es
ig
n 
re
qu
ire
m
en
ts
, i
nd
us
try
 
st
an
da
rd
s 
an
d 
si
te
 d
at
a 
ar
e 
m
is
si
ng
 in
 th
e 
co
re
 
sp
ec
ifi
ca
tio
ns
. 
 As
so
ci
at
ed
 d
ra
w
in
gs
 d
o 
no
t r
ef
le
ct
 th
e 
in
te
nt
 o
f t
he
 
sp
ec
ifi
ca
tio
ns
 b
ei
ng
 
pr
ep
ar
ed
. 
PS
A,
 L
SA
, a
nd
 a
ss
oc
ia
te
d 
dr
aw
in
gs
 a
re
 p
ar
tia
lly
 
co
m
pl
et
e.
 
Sp
ec
ifi
ca
tio
ns
 
de
ve
lo
pm
en
t w
or
k 
ha
s 
st
ar
te
d 
an
d 
so
m
e 
in
iti
al
 th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 th
is
 
ef
fo
rt
. 
 N
ec
es
sa
ry
 d
at
a 
fo
r 
de
ve
lo
pm
en
t o
f 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
es
 
is
 b
ei
ng
 id
en
tif
ie
d,
 b
ut
 
ac
tu
al
 w
or
k 
of
 
de
ve
lo
pi
ng
 
sp
ec
ifi
ca
tio
ns
 h
as
 n
ot
 
st
ar
te
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 th
is
 
to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
R
ec
on
ci
lia
tio
n 
of
 o
rig
in
al
 
sp
ec
ifi
ca
tio
ns
 w
ith
 c
ur
re
nt
 
pr
oj
ec
t s
pe
ci
fic
at
io
ns
. 
R
ec
on
ci
lia
tio
n 
of
 o
rig
in
al
 
sp
ec
ifi
ca
tio
ns
 w
ith
 c
ur
re
nt
 
pr
oj
ec
t s
pe
ci
fic
at
io
ns
 is
 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
. 
 
Sp
ec
ifi
ca
tio
ns
 b
ei
ng
 v
er
ifi
ed
 
w
ith
 e
xi
st
in
g 
pl
an
t 
do
cu
m
en
ta
tio
n.
 In
co
ns
is
te
nc
y 
an
d 
m
is
si
ng
 d
oc
um
en
ta
tio
n 
id
en
tif
ie
d 
an
d 
ac
tio
n 
ta
ke
n.
 
Sp
ec
ifi
ca
tio
ns
 b
ei
ng
 
ve
rif
ie
d 
w
ith
 e
xi
st
in
g 
pl
an
t 
do
cu
m
en
ta
tio
n.
 
Sp
ec
ifi
ca
tio
n 
ve
rif
ic
at
io
n 
w
ith
 e
xi
st
in
g 
pl
an
t d
oc
um
en
ta
tio
n 
st
ar
te
d.
 L
itt
le
 o
r n
ot
hi
ng
 
ha
s 
be
en
 d
oc
um
en
te
d.
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G
7.
 P
ip
in
g 
Sy
st
em
 R
eq
ui
re
m
en
ts
  
Pi
pi
ng
 s
ys
te
m
 s
tre
ss
 g
ui
de
lin
es
 a
nd
 
re
qu
ire
m
en
ts
 s
ho
ul
d 
be
 p
ro
vi
de
d 
to
 e
ns
ur
e 
th
at
 
pi
pi
ng
 s
ys
te
m
 d
es
ig
n 
ca
n 
be
 e
st
im
at
ed
 a
nd
 
sc
he
du
le
d.
 T
he
 o
w
ne
r m
us
t c
om
m
un
ic
at
e 
th
e 
st
an
da
rd
s,
 m
et
ho
do
lo
gy
 a
nd
 re
co
rd
 
do
cu
m
en
ta
tio
n 
re
qu
ire
d 
to
 s
up
po
rt 
th
e 
pi
pi
ng
 
sy
st
em
 d
es
ig
n 
ef
fo
rt.
 C
rit
er
ia
 fo
r d
es
ig
n 
of
 
pi
pi
ng
 s
ys
te
m
s 
sh
ou
ld
 in
cl
ud
e:
 
 ¨
Al
lo
w
ab
le
 fo
rc
es
 a
nd
 m
om
en
ts
 o
n 
eq
ui
pm
en
t 
¨
G
ra
ph
ic
al
 re
pr
es
en
ta
tio
n 
of
 p
ip
in
g 
lin
e 
si
ze
s 
th
at
 re
qu
ire
 a
na
ly
si
s 
ba
se
d 
on
: 
¨
Te
m
pe
ra
tu
re
 
¨
Pr
es
su
re
 
¨
C
yc
lic
 c
on
di
tio
ns
 
¨
Fl
ex
 
¨
St
re
ss
 
¨
Pu
ls
at
io
n 
¨
Se
is
m
ic
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
A
dv
an
ce
d 
w
or
k 
pa
ck
ag
in
g 
is
 ty
pi
ca
lly
 
co
ns
id
er
ed
 w
he
n 
as
se
ss
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
 
Not required for project. 
Pi
pi
ng
 s
ys
te
m
 
re
qu
ire
m
en
ts
 a
re
 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 
by
 k
ey
 s
ta
ke
ho
ld
er
s 
(e
.g
., 
op
er
at
io
ns
 a
nd
 
m
ai
nt
en
an
ce
, p
ro
ce
ss
 
en
gi
ne
er
in
g,
 p
ro
je
ct
 
m
an
ag
em
en
t) 
as
 a
 b
as
is
 
fo
r d
et
ai
le
d 
de
si
gn
.  
 Th
es
e 
re
qu
ire
m
en
ts
 in
cl
ud
e 
st
an
da
rd
s,
 ty
pi
ca
l s
up
po
rt 
dr
aw
in
gs
, m
et
ho
do
lo
gy
, 
se
le
ct
io
n 
cr
ite
ria
 a
nd
 o
th
er
 
do
cu
m
en
ta
tio
n 
ne
ce
ss
ar
y 
to
 s
up
po
rt 
pi
pi
ng
 d
es
ig
n.
 
 C
rit
ic
al
 li
ne
s 
of
 th
e 
pr
oj
ec
t 
th
at
 re
qu
ire
 s
tre
ss
 a
na
ly
si
s 
ar
e 
id
en
tif
ie
d 
an
d 
pr
el
im
in
ar
y 
an
al
ys
is
 
pe
rfo
rm
ed
 b
as
ed
 o
n 
gu
id
el
in
es
 a
nd
 d
oc
um
en
te
d 
w
ith
 n
ec
es
sa
ry
 te
ch
ni
ca
l 
in
fo
rm
at
io
n 
su
ch
 a
s 
pi
pi
ng
 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
 (P
&I
D
) r
ef
er
en
ce
, 
lin
e 
lis
t, 
se
rv
ic
e 
flu
id
, 
op
er
at
in
g 
an
d 
de
si
gn
 
pr
es
su
re
/te
m
pe
ra
tu
re
, 
al
lo
w
ab
le
 fo
rc
es
 a
nd
 
m
om
en
ts
, s
er
vi
ce
 
co
nd
iti
on
s.
 
 
M
os
t p
ip
in
g 
sy
st
em
 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
 Th
e 
gu
id
el
in
e 
do
cu
m
en
t 
in
cl
ud
in
g 
st
an
da
rd
s,
 ty
pi
ca
l 
su
pp
or
t d
ra
w
in
gs
, 
m
et
ho
do
lo
gy
, s
el
ec
tio
n 
cr
ite
ria
 a
nd
 o
th
er
 
do
cu
m
en
ta
tio
n 
ne
ce
ss
ar
y 
to
 s
up
po
rt 
pi
pi
ng
 d
es
ig
n 
is
 
es
se
nt
ia
lly
 d
ev
el
op
ed
 w
ith
 
m
in
or
 a
dd
iti
on
s 
re
qu
ire
d.
 
 C
rit
ic
al
 li
ne
s 
of
 th
e 
pr
oj
ec
t 
th
at
 re
qu
ire
 s
tre
ss
 a
na
ly
si
s 
ar
e 
id
en
tif
ie
d 
an
d 
pr
el
im
in
ar
y 
an
al
ys
is
 
pe
rfo
rm
ed
 a
nd
 d
oc
um
en
te
d 
 
w
ith
 m
in
or
 n
ec
es
sa
ry
 
te
ch
ni
ca
l i
nf
or
m
at
io
n 
m
is
si
ng
 o
n 
P&
ID
 re
fe
re
nc
e,
 
lin
e 
lis
t, 
se
rv
ic
e 
flu
id
, 
op
er
at
in
g 
an
d 
de
si
gn
 
pr
es
su
re
/te
m
pe
ra
tu
re
, 
al
lo
w
ab
le
 fo
rc
es
 a
nd
 
m
om
en
ts
, s
er
vi
ce
 
co
nd
iti
on
s,
 w
hi
ch
 w
ill 
be
 
fin
al
iz
ed
 d
ur
in
g 
de
ta
ile
d 
de
si
gn
 s
ta
ge
. 
So
m
e 
pi
pi
ng
 s
ys
te
m
 
re
qu
ire
m
en
ts
 a
re
 
de
fin
ed
. 
 Th
e 
gu
id
el
in
e 
do
cu
m
en
t t
o 
su
pp
or
t 
pi
pi
ng
 s
ys
te
m
 s
tre
ss
 
an
al
ys
is
 a
nd
 th
e 
cr
iti
ca
l 
lin
e 
lis
t i
s 
un
de
r 
de
ve
lo
pm
en
t w
ith
 a
 
nu
m
be
r o
f o
pe
n 
is
su
es
. 
Pi
pi
ng
 s
ys
te
m
 
re
qu
ire
m
en
ts
 
st
ar
te
d.
 
 Th
e 
gu
id
el
in
e 
do
cu
m
en
t t
o 
su
pp
or
t 
pi
pi
ng
 s
ys
te
m
 s
tre
ss
 
an
al
ys
is
 a
nd
 th
e 
id
en
tif
ic
at
io
n 
of
 th
e 
cr
iti
ca
l l
in
es
 h
as
 b
ee
n 
st
ar
te
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Ve
rif
ic
at
io
n 
of
 e
xi
st
in
g 
co
nd
iti
on
s:
 
ha
ng
er
s,
 s
up
po
rts
, a
nc
ho
rs
, w
al
l 
th
ic
kn
es
s,
 e
tc
. 
¨
Fi
el
d 
ve
rif
y 
ex
is
tin
g 
lin
es
 th
at
 w
ill 
be
 
m
od
ifi
ed
 a
nd
 re
qu
iri
ng
 s
tre
ss
 a
na
ly
si
s 
ba
ck
 to
 a
ll 
an
ch
or
 p
oi
nt
s 
¨
En
su
re
 li
ne
s 
ar
e 
fu
nc
tio
ni
ng
, a
va
ila
bl
e 
an
d 
ac
tiv
e 
Ex
is
tin
g 
lin
es
 in
cl
ud
in
g 
co
nd
iti
on
s 
an
d 
st
re
ss
 
an
al
ys
is
 h
av
e 
be
en
 v
er
ifi
ed
, 
re
vi
ew
ed
, a
nd
 a
pp
ro
ve
d.
 
Ex
is
tin
g 
lin
es
 in
cl
ud
in
g 
co
nd
iti
on
s 
an
d 
st
re
ss
 
an
al
ys
is
 h
av
e 
be
en
 v
er
ifi
ed
, 
re
vi
ew
ed
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
So
m
e 
do
cu
m
en
ta
tio
n 
av
ai
la
bl
e 
fo
r e
xi
st
in
g 
pi
pi
ng
 s
ys
te
m
s,
 c
rit
ic
al
 
lin
es
, a
nd
 a
s-
bu
ilt
 
re
co
rd
s.
 
Ex
is
tin
g 
re
qu
ire
m
en
ts
 
be
in
g 
de
ve
lo
pe
d.
 
Li
ttl
e 
or
 n
ot
hi
ng
 h
as
 
be
en
 d
oc
um
en
te
d.
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G
8.
 P
lo
t P
la
n 
 Th
e 
pl
ot
 p
la
n 
w
ill 
sh
ow
 th
e 
lo
ca
tio
n 
of
 n
ew
 
w
or
k 
in
 re
la
tio
n 
to
 a
dj
oi
ni
ng
 u
ni
ts
 o
r 
fa
ci
lit
ie
s.
 It
 s
ho
ul
d 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
Pl
an
t g
rid
 s
ys
te
m
 w
ith
 c
oo
rd
in
at
es
 
¨
U
ni
t l
im
its
 
¨
G
at
es
, f
en
ce
s 
an
d/
or
 b
ar
rie
rs
 
¨
Li
gh
tin
g 
re
qu
ire
m
en
ts
 
¨
O
ff-
si
te
 fa
ci
lit
ie
s 
¨
Ta
nk
 fa
rm
s 
¨
R
oa
ds
 &
 a
cc
es
s 
w
ay
s 
¨
R
oa
ds
 
¨
R
ai
l f
ac
ilit
ie
s 
¨
G
re
en
 s
pa
ce
 
¨
Bu
ild
in
gs
 
¨
M
aj
or
 p
ip
e 
ra
ck
s 
¨
La
yd
ow
n 
ar
ea
s 
¨
C
on
st
ru
ct
io
n/
fa
br
ic
at
io
n 
ar
ea
s 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 
el
em
en
t. 
A
dd
iti
on
al
ly
, a
 s
iti
ng
 re
vi
ew
 is
 
ty
pi
ca
lly
 in
cl
ud
ed
 to
 e
ns
ur
e 
co
m
pl
ia
nc
e 
w
ith
 c
lie
nt
 re
qu
ire
m
en
ts
. M
or
eo
ve
r, 
el
ev
at
io
n 
dr
aw
in
gs
 a
nd
 re
gu
la
to
ry
 
re
qu
ire
m
en
ts
 a
re
 ty
pi
ca
lly
 in
co
rp
or
at
ed
 
in
to
 th
e 
pl
ot
 p
la
n 
w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
pl
ot
 p
la
n 
is
 c
om
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 (i
.e
., 
op
er
at
io
ns
) a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
 Th
e 
la
yo
ut
 a
nd
 s
pa
ci
ng
 
w
as
 re
vi
ew
ed
 in
 th
e 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 
(P
H
A)
 a
nd
 
re
co
m
m
en
da
tio
ns
 w
er
e 
in
co
rp
or
at
ed
. T
he
 p
lo
t p
la
n 
is
 c
on
si
st
en
t w
ith
 th
e 
pl
an
t 
gr
id
 s
ys
te
m
 a
nd
 re
qu
ire
d 
su
rv
ey
in
g 
is
 c
om
pl
et
e.
 A
ll 
un
its
, m
aj
or
 p
ro
ce
ss
 
eq
ui
pm
en
t, 
pi
pe
 ra
ck
s,
 
bu
ild
in
gs
, u
til
iti
es
, o
ff-
si
te
 
fa
ci
lit
ie
s,
 ta
nk
 fa
rm
s,
 ro
ad
s 
an
d 
ra
il 
lin
es
, f
ire
 p
ro
te
ct
io
n 
sy
st
em
s,
 c
on
st
ru
ct
io
n,
 
la
yd
ow
n 
ar
ea
s,
 g
at
es
 a
nd
 
fe
nc
in
g 
ar
e 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. E
qu
ip
m
en
t 
sp
ac
in
g 
is
 p
er
 p
ro
je
ct
 
sp
ec
ifi
ca
tio
ns
 a
nd
 
di
m
en
si
on
s 
ar
e 
so
ur
ce
d 
fro
m
 v
en
do
r s
up
pl
ie
d 
in
fo
rm
at
io
n,
 if
 a
va
ila
bl
e.
 
M
os
t o
f t
he
 p
lo
t p
la
n 
is
 
co
m
pl
et
e 
an
d 
is
su
ed
 fo
r 
PH
A.
 
 Th
e 
pl
ot
 p
la
n 
is
 m
os
tly
 
co
ns
is
te
nt
 w
ith
 th
e 
pl
an
t g
rid
 
sy
st
em
 a
nd
 m
os
t r
eq
ui
re
d 
su
rv
ey
in
g 
is
 c
om
pl
et
e.
 M
os
t 
un
its
, m
aj
or
 p
ro
ce
ss
 
eq
ui
pm
en
t, 
pi
pe
 ra
ck
s,
 
bu
ild
in
gs
, u
til
iti
es
, o
ff-
si
te
 
fa
ci
lit
ie
s,
 ta
nk
 fa
rm
s,
 ro
ad
s 
an
d 
ra
il 
lin
es
, f
ire
 p
ro
te
ct
io
n 
sy
st
em
s,
 c
on
st
ru
ct
io
n 
an
d 
la
yd
ow
n 
ar
ea
s,
 g
at
e 
an
d 
fe
nc
in
g 
ar
e 
do
cu
m
en
te
d.
 
Th
er
e 
m
ay
 b
e 
m
in
or
 h
ol
ds
. 
So
m
e 
of
 th
e 
pl
ot
 p
la
n 
is
 p
re
pa
re
d 
w
ith
 
ho
ld
s 
an
d 
de
fic
ie
nc
ie
s.
 
 So
m
e 
un
its
 a
nd
 m
aj
or
 
pr
oc
es
s 
eq
ui
pm
en
t a
re
 
id
en
tif
ie
d.
 S
om
e 
pi
pe
 
ra
ck
s,
 b
ui
ld
in
gs
, 
ut
ilit
ie
s,
 o
ff-
si
te
s,
 ta
nk
 
fa
rm
s,
 ro
ad
s 
an
d 
ra
il 
lin
es
, f
ire
 p
ro
te
ct
io
n 
sy
st
em
s,
 c
on
st
ru
ct
io
n 
an
d 
la
yd
ow
n 
ar
ea
s,
 
ga
te
s 
an
d 
fe
nc
in
g 
ar
e 
id
en
tif
ie
d.
 
Pl
ot
 p
la
n 
de
ve
lo
pm
en
t h
as
 
st
ar
te
d 
w
ith
 s
om
e 
in
iti
al
 th
ou
gh
ts
 
ap
pl
ie
d 
to
 th
is
 
ef
fo
rt
. 
 G
en
er
al
 a
re
as
 a
re
 
ou
tli
ne
d 
fo
r 
pr
oc
es
s,
 u
til
iti
es
 
an
d 
of
f-s
ite
 
fa
ci
lit
ie
s.
 P
la
nt
 g
rid
 
sy
st
em
 a
nd
 
su
rv
ey
in
g 
ha
s 
no
t 
be
en
 c
on
du
ct
ed
. A
 
di
al
og
 h
as
 s
ta
rte
d 
w
ith
 p
la
nt
 
op
er
at
io
ns
, u
til
ity
 
an
d 
sa
fe
ty
 
de
pa
rtm
en
ts
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Es
ta
bl
is
h 
pr
oj
ec
t s
pe
ci
fic
 v
er
tic
al
 
an
d 
ho
riz
on
ta
l r
ef
er
en
ce
 p
oi
nt
s 
fo
r 
al
l p
ar
tic
ip
an
ts
 
Al
l p
ro
je
ct
-s
pe
ci
fic
 v
er
tic
al
 
an
d 
ho
riz
on
ta
l r
ef
er
en
ce
 
po
in
ts
 fo
r a
ll 
pa
rti
ci
pa
nt
s 
ha
ve
 b
ee
n 
ve
rif
ie
d,
 
do
cu
m
en
te
d,
 a
nd
 
ap
pr
ov
ed
. 
M
os
t o
f t
he
 p
ro
je
ct
-s
pe
ci
fic
 
ve
rti
ca
l a
nd
 h
or
iz
on
ta
l 
re
fe
re
nc
e 
po
in
ts
 fo
r a
ll 
pa
rti
ci
pa
nt
s 
ha
ve
 b
ee
n 
ve
rif
ie
d 
an
d 
do
cu
m
en
te
d,
 b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
So
m
e 
of
 th
e 
pr
oj
ec
t-
sp
ec
ifi
c 
ve
rti
ca
l a
nd
 
ho
riz
on
ta
l r
ef
er
en
ce
 
po
in
ts
 h
av
e 
be
en
 
do
cu
m
en
te
d.
 
Li
ttl
e 
or
 n
o 
ef
fo
rt 
ha
s 
be
en
 d
on
e 
to
 
es
ta
bl
is
h 
th
e 
pr
oj
ec
t-s
pe
ci
fic
 
ve
rti
ca
l a
nd
 
ho
riz
on
ta
l 
re
fe
re
nc
e 
po
in
ts
. 
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G
9.
 M
ec
ha
ni
ca
l E
qu
ip
m
en
t L
is
t  
 Th
e 
m
ec
ha
ni
ca
l e
qu
ip
m
en
t l
is
t s
ho
ul
d 
id
en
tif
y 
al
l m
ec
ha
ni
ca
l e
qu
ip
m
en
t b
y 
ta
g 
nu
m
be
r, 
in
 
su
m
m
ar
y 
fo
rm
at
, t
o 
su
pp
or
t t
he
 p
ro
je
ct
. T
he
 
lis
t s
ho
ul
d 
de
fin
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
Ex
is
tin
g 
so
ur
ce
s:
 
o
M
od
ifi
ed
 
o
R
el
oc
at
ed
 
o
D
is
m
an
tle
d 
o
R
e-
ra
te
d 
¨
N
ew
 s
ou
rc
es
: 
o
Pu
rc
ha
se
d 
ne
w
 
o
Pu
rc
ha
se
d 
us
ed
 
¨
R
el
at
iv
e 
si
ze
s 
¨
W
ei
gh
ts
 
¨
Lo
ca
tio
n 
¨
C
ap
ac
iti
es
 
¨
M
at
er
ia
ls
 
¨
U
til
ity
 R
eq
ui
re
m
en
ts
 –
 P
ow
er
, v
ol
ta
ge
, 
ai
r p
re
ss
ur
e,
 e
tc
. 
¨
Fl
ow
 d
ia
gr
am
s 
¨
Pr
oc
es
s 
C
on
di
tio
ns
 –
 M
in
/M
ax
/D
es
ig
n 
te
m
pe
ra
tu
re
, p
re
ss
ur
e,
 fl
ow
 ra
te
s,
 e
tc
. 
¨
In
su
la
tio
n 
& 
pa
in
tin
g 
re
qu
ire
m
en
ts
 
¨
Eq
ui
pm
en
t r
el
at
ed
 la
dd
er
s 
an
d 
pl
at
fo
rm
s 
¨
O
th
er
 (Q
ua
lit
y,
 In
sp
ec
tio
n,
 L
ic
en
si
ng
, 
G
en
er
al
 re
m
ar
ks
, e
tc
.) 
C
om
m
en
ts
 o
n 
Is
su
es
:  
M
aj
or
 e
qu
ip
m
en
t i
te
m
s 
ar
e 
ty
pi
ca
lly
 th
os
e 
id
en
tif
ie
d 
on
 P
FD
’s
, p
ac
ka
ge
d 
eq
ui
pm
en
t, 
ha
ve
 lo
ng
 d
el
iv
er
y 
tim
es
, m
ak
e 
up
 a
 la
rg
e 
pe
rc
en
ta
ge
 o
f t
he
 p
ro
je
ct
 c
os
t 
an
d 
ar
e 
cr
iti
ca
l t
o 
pr
oj
ec
t s
uc
ce
ss
. M
in
or
 e
qu
ip
m
en
t 
ite
m
s 
ar
e 
ty
pi
ca
lly
 a
nc
ill
ar
y 
su
pp
or
t e
qu
ip
m
en
t t
o 
M
aj
or
 it
em
s 
or
 m
is
ce
lla
ne
ou
s 
ut
ilit
y 
re
la
te
d 
ite
m
s.
 
Th
es
e 
ar
e 
ty
pi
ca
lly
 it
em
s 
of
 lo
w
 c
os
t r
el
at
iv
e 
to
 M
aj
or
 
ite
m
s 
or
 it
em
s 
th
at
 m
ay
 b
e 
co
ve
re
d 
in
 a
n 
al
lo
w
an
ce
. 
S
ou
rc
e 
in
di
ca
te
s 
th
e 
or
ig
in
 o
f t
he
 e
qu
ip
m
en
t: 
ne
w
, 
us
ed
, r
el
oc
at
ed
, m
od
ifi
ed
, a
s 
w
el
l a
s 
ph
ys
ic
al
 lo
ca
tio
n 
of
 th
e 
ve
nd
or
 (o
n-
si
te
 c
on
tra
ct
or
, d
om
es
tic
, o
ve
rs
ea
s,
 
et
c.
). 
A
ll 
co
m
m
er
ci
al
 re
la
te
d 
in
fo
rm
at
io
n 
(w
ei
gh
ts
 a
nd
 
fin
al
 d
im
en
si
on
s)
 is
 a
ss
um
ed
 to
 b
e 
ca
pt
ur
ed
 in
 th
e 
pr
oc
ur
em
en
t s
tra
te
gy
. C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Al
l m
ec
ha
ni
ca
l 
eq
ui
pm
en
t h
as
 
be
en
 li
st
ed
, t
ag
 
nu
m
be
rs
 a
ss
ig
ne
d 
an
d 
al
l p
er
tin
en
t 
da
ta
 ta
bu
la
te
d.
 T
he
 
eq
ui
pm
en
t l
is
t h
as
 
be
en
 re
vi
ew
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Al
l e
qu
ip
m
en
t 
so
ur
ce
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d.
 A
ll 
ite
m
s 
ha
ve
 a
ss
oc
ia
te
d 
pi
pi
ng
 a
nd
 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
’s
) 
an
d 
pr
oc
es
s 
flo
w
 
di
ag
ra
m
s 
(P
FD
’s
) 
re
fe
re
nc
ed
. A
ll 
ite
m
s 
ha
ve
 e
qu
ip
m
en
t t
yp
e 
an
d 
co
nf
ig
ur
at
io
n 
lis
te
d.
 P
ro
ce
ss
 
co
nd
iti
on
s 
ar
e 
do
cu
m
en
te
d 
fo
r a
ll 
ite
m
s.
 O
ve
ra
ll 
di
m
en
si
on
s 
an
d 
w
ei
gh
ts
 a
re
 
id
en
tif
ie
d 
ba
se
d 
on
 
ve
nd
or
 d
ra
w
in
gs
 o
r 
cu
t s
he
et
s.
 A
ll 
ut
ilit
y 
re
qu
ire
m
en
ts
 a
re
 
qu
an
tif
ie
d.
 A
ll 
ite
m
s 
ha
ve
 m
at
er
ia
ls
 o
f 
co
ns
tru
ct
io
n 
id
en
tif
ie
d.
 T
he
 
se
le
ct
ed
 o
r p
re
fe
rre
d 
ve
nd
or
 is
 id
en
tif
ie
d 
fo
r a
ll 
ite
m
s.
 
M
os
t e
qu
ip
m
en
t h
as
 
be
en
 li
st
ed
, t
ag
 
nu
m
be
rs
 a
ss
ig
ne
d 
an
d 
pe
rti
ne
nt
 d
at
a 
ta
bu
la
te
d.
 
Th
e 
do
cu
m
en
t i
s 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
 M
os
t m
aj
or
 a
nd
 m
in
or
 
eq
ui
pm
en
t s
ou
rc
es
 h
av
e 
be
en
 id
en
tif
ie
d 
w
ith
 th
e 
as
so
ci
at
ed
 P
&I
D
’s
 
re
fe
re
nc
ed
. M
os
t i
te
m
s 
ha
ve
 e
qu
ip
m
en
t t
yp
e 
lis
te
d 
an
d 
di
m
en
si
on
s 
an
d 
w
ei
gh
ts
 id
en
tif
ie
d.
 
Pr
oc
es
s 
co
nd
iti
on
s 
ar
e 
do
cu
m
en
te
d 
fo
r m
os
t 
m
aj
or
 a
nd
 m
os
t m
in
or
 
ite
m
s.
 U
til
ity
 re
qu
ire
m
en
ts
 
ar
e 
qu
an
tif
ie
d.
 M
os
t i
te
m
s 
ha
ve
 m
at
er
ia
ls
 o
f 
co
ns
tru
ct
io
n 
id
en
tif
ie
d.
 
Th
e 
se
le
ct
ed
 o
r p
re
fe
rre
d 
ve
nd
or
 is
 id
en
tif
ie
d 
fo
r 
m
aj
or
 e
qu
ip
m
en
t a
nd
 
pr
ef
er
re
d 
ve
nd
or
 fo
r 
m
in
or
. 
So
m
e 
eq
ui
pm
en
t h
as
 
be
en
 li
st
ed
, w
ith
 ta
g 
nu
m
be
rs
 a
nd
 p
er
tin
en
t 
da
ta
 ta
bu
la
te
d.
 
 So
m
e 
m
aj
or
 a
nd
 m
in
or
 
eq
ui
pm
en
t s
ou
rc
es
 h
av
e 
be
en
 id
en
tif
ie
d.
 S
om
e 
ite
m
s 
ha
ve
 e
qu
ip
m
en
t 
ty
pe
 li
st
ed
. P
ro
ce
ss
 
co
nd
iti
on
s 
ar
e 
do
cu
m
en
te
d 
fo
r m
os
t 
m
aj
or
 a
nd
 s
om
e 
m
in
or
 
ite
m
s.
 A
pp
ro
xi
m
at
e 
ov
er
al
l d
im
en
si
on
s 
an
d 
w
ei
gh
ts
 id
en
tif
ie
d 
fo
r m
os
t 
ite
m
s.
 U
til
ity
 re
qu
ire
m
en
ts
 
qu
an
tif
ie
d 
fo
r m
aj
or
 it
em
s.
 
M
at
er
ia
ls
 o
f c
on
st
ru
ct
io
n 
ar
e 
id
en
tif
ie
d 
fo
r m
aj
or
 
ite
m
s.
 S
om
e 
pr
ef
er
re
d 
ve
nd
or
s 
ar
e 
id
en
tif
ie
d 
fo
r 
m
aj
or
 e
qu
ip
m
en
t a
nd
 
po
te
nt
ia
l v
en
do
rs
 fo
r 
m
in
or
. 
M
ec
ha
ni
ca
l 
eq
ui
pm
en
t l
is
t 
de
ve
lo
pm
en
t h
as
 
st
ar
te
d 
w
ith
 m
in
im
al
 
da
ta
 ta
bu
la
te
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 th
is
 
to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
 
Not yet started. 
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0 
1 
2 
3 
4 
5 
G
9.
 M
ec
ha
ni
ca
l E
qu
ip
m
en
t 
Li
st
 (c
on
tin
ue
d)
  
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r 
fo
r R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Ex
is
tin
g 
eq
ui
pm
en
t 
co
nd
iti
on
 w
ith
 
co
ns
id
er
at
io
n 
fo
r 
m
ai
nt
en
an
ce
/re
pa
ir 
Not required for project. 
Ap
pl
ic
ab
ilit
y 
an
d 
co
nd
iti
on
 o
f 
ex
is
tin
g 
eq
ui
pm
en
t 
ha
s 
be
en
 v
er
ifi
ed
, 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. A
ll 
or
ig
in
al
 
do
cu
m
en
ta
tio
n 
ha
s 
be
en
 lo
ca
te
d 
an
d 
or
ga
ni
ze
d.
 
Ap
pl
ic
ab
ilit
y 
an
d 
co
nd
iti
on
 o
f e
xi
st
in
g 
eq
ui
pm
en
t h
as
 b
ee
n 
m
os
tly
 d
oc
um
en
te
d,
 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
M
os
t o
rig
in
al
 
do
cu
m
en
ta
tio
n 
ha
s 
be
en
 lo
ca
te
d 
an
d 
or
ga
ni
ze
d.
 
So
m
e 
ev
al
ua
tio
n 
of
 a
pp
lic
ab
ilit
y 
an
d 
co
nd
iti
on
 o
f 
ex
is
tin
g 
eq
ui
pm
en
t i
s 
do
cu
m
en
te
d.
 
So
m
e 
or
ig
in
al
 
do
cu
m
en
ta
tio
n 
ha
s 
be
en
 lo
ca
te
d.
 
Ex
is
tin
g 
eq
ui
pm
en
t t
o 
be
 
ev
al
ua
te
d 
is
 
kn
ow
n.
 L
itt
le
 o
r 
no
 m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
 
Not yet started. 
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SE
CT
IO
N 
II 
– 
BA
SI
S 
O
F 
DE
SI
G
N 
De
fin
iti
on
 L
ev
el
 
 
N/
A 
BE
ST
 
  
M
ED
IU
M
 
 W
O
RS
T 
G
.
PR
O
CE
SS
/M
EC
HA
NI
C
AL
 
0 
1 
2 
3 
4 
5 
G
10
. L
in
e 
Li
st
 
Th
e 
lin
e 
lis
t d
es
ig
na
te
s 
al
l 
pi
pe
lin
es
 in
 th
e 
pr
oj
ec
t (
in
cl
ud
in
g 
ut
ilit
ie
s)
. I
t s
ho
ul
d 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
U
ni
qu
e 
nu
m
be
r f
or
 e
ac
h 
lin
e:
 
o
Si
ze
 
o
Se
rv
ic
e 
o
Te
rm
in
at
io
n 
o
O
rig
in
 
o
R
ef
er
en
ce
 P
&I
D
 
¨
N
or
m
al
 a
nd
 u
ps
et
 o
pe
ra
tin
g:
 
o
Te
m
pe
ra
tu
re
 
o
Pr
es
su
re
 
¨
D
es
ig
n 
te
m
pe
ra
tu
re
 a
nd
 
pr
es
su
re
 
¨
Te
st
 re
qu
ire
m
en
ts
 
¨
Pi
pe
 s
pe
ci
fic
at
io
ns
 
¨
In
su
la
tio
n 
re
qu
ire
m
en
ts
 
¨
Pa
in
t r
eq
ui
re
m
en
ts
 
¨
Sp
ec
ia
l P
ro
ce
ss
 
R
eq
ui
re
m
en
ts
 (S
te
am
 O
ut
) 
¨
O
th
er
 
 C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s:
 h
yd
ro
 
te
st
in
g/
pr
es
su
re
 re
qu
ire
m
en
ts
 
id
en
tif
ie
d.
 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t 
ar
e 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 
w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
lin
e 
lis
t i
s 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
.  
 Th
e 
lin
e 
lis
t h
as
 b
ee
n 
ve
rif
ie
d 
pe
r p
ip
in
g 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
 
(P
&I
D
) r
ev
ie
w
s 
an
d 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 
(P
H
A)
. A
ll 
lin
es
 (e
.g
., 
pr
oc
es
s,
 o
ff-
si
te
, u
til
ity
, 
st
ar
t-u
p,
 b
yp
as
s,
 re
lie
f, 
ve
nt
, w
as
te
) a
re
 li
st
ed
 
ab
ov
e 
th
e 
m
in
im
um
 s
iz
e 
re
qu
ire
m
en
t f
or
 th
e 
pr
oj
ec
t. 
 Pe
rti
ne
nt
 in
fo
rm
at
io
n 
is
 
lis
te
d 
fo
r a
ll 
lin
es
 (e
.g
., 
lin
e 
nu
m
be
r, 
se
rv
ic
e,
 fr
om
/to
, 
si
ze
, p
re
ss
ur
e 
cl
as
s,
 p
ip
in
g 
m
at
er
ia
l s
pe
ci
fic
at
io
n,
 
no
rm
al
/m
ax
im
um
/d
es
ig
n 
te
m
pe
ra
tu
re
 a
nd
 p
re
ss
ur
e,
 
te
st
 re
qu
ire
m
en
ts
, h
ea
t 
tra
ci
ng
 a
nd
 in
su
la
tio
n 
re
qu
ire
m
en
ts
, a
nd
 p
ai
nt
in
g 
re
qu
ire
m
en
ts
). 
 Sp
ec
ia
l p
ro
ce
ss
 li
ne
 
co
nd
iti
on
s 
ar
e 
lis
te
d 
(e
.g
., 
sl
op
e,
 n
o 
po
ck
et
s,
 s
te
am
 
ou
t a
nd
 e
m
er
ge
nc
y 
co
nd
iti
on
s)
. 
M
os
t o
f t
he
 li
ne
 li
st
 
is
 c
om
pl
et
e 
an
d 
is
su
ed
 fo
r P
HA
 
w
ith
 m
in
or
 d
ef
in
ed
 
ho
ld
s 
fo
r 
de
fic
ie
nc
ie
s.
 
 M
os
t o
f t
he
 li
ne
s 
ar
e 
lis
te
d 
(e
.g
., 
pr
oc
es
s,
 
of
f-s
ite
, u
til
ity
, s
ta
rt-
up
, b
yp
as
s,
 re
lie
f, 
ve
nt
, w
as
te
). 
 Pe
rti
ne
nt
 in
fo
rm
at
io
n 
is
 li
st
ed
 fo
r m
os
t 
lin
es
 (e
.g
., 
lin
e 
nu
m
be
r, 
se
rv
ic
e,
 
fro
m
/to
, s
iz
e,
 
pr
es
su
re
 c
la
ss
, 
pi
pi
ng
 m
at
er
ia
l 
sp
ec
ifi
ca
tio
n,
 
no
rm
al
/m
ax
im
um
/d
e
si
gn
 te
m
pe
ra
tu
re
 
an
d 
pr
es
su
re
, t
es
t 
re
qu
ire
m
en
ts
, h
ea
t 
tra
ci
ng
 a
nd
 
in
su
la
tio
n 
re
qu
ire
m
en
ts
, a
nd
 
pa
in
tin
g 
re
qu
ire
m
en
ts
). 
Th
e 
lin
e 
lis
t i
s 
pa
rti
al
ly
 c
om
pl
et
e 
w
ith
ho
ld
s 
fo
r 
de
fic
ie
nc
ie
s.
 
 So
m
e 
of
 th
e 
pr
oc
es
s 
an
d 
m
aj
or
 o
ff-
si
te
 
an
d 
ut
ilit
y 
lin
es
 a
re
 
lis
te
d.
 L
is
te
d 
lin
es
 
in
cl
ud
e 
as
 a
 
m
in
im
um
: l
in
e 
nu
m
be
r, 
se
rv
ic
e,
 
fro
m
/to
, s
iz
e,
 
pr
es
su
re
 c
la
ss
, 
pi
pi
ng
 m
at
er
ia
l 
sp
ec
ifi
ca
tio
n 
an
d 
he
at
 tr
ac
in
g/
 
in
su
la
tio
n 
re
qu
ire
m
en
ts
.  
O
th
er
 
in
fo
rm
at
io
n 
sh
ou
ld
 
be
 li
st
ed
 a
s 
av
ai
la
bl
e.
 
Li
ne
 li
st
 
de
ve
lo
pm
en
t 
ha
s 
st
ar
te
d,
 b
ut
 
no
t 
do
cu
m
en
te
d.
 
 M
aj
or
 p
ro
ce
ss
 
an
d 
ut
ilit
y 
lin
es
 
ar
e 
id
en
tif
ie
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
/ 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
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SE
C
TI
O
N
 II
 –
 B
A
SI
S 
O
F 
D
ES
IG
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
G
.
PR
O
C
ES
S/
M
EC
H
A
N
IC
A
L 
0 
1 
2 
3 
4 
5 
G
11
. T
ie
-in
 L
is
t 
A 
lis
t o
f a
ll 
pi
pi
ng
 ti
e-
in
s 
to
 e
xi
st
in
g 
lin
es
 s
ho
ul
d 
be
 d
ev
el
op
ed
. I
t s
ho
ul
d 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
 ¨
Lo
ca
tio
n 
¨
Ex
is
tin
g 
E
qu
ip
m
en
t/L
in
e 
N
um
be
r 
¨
In
su
la
tio
n 
re
m
ov
al
 re
qu
ire
m
en
ts
 
¨
D
ec
on
ta
m
in
at
io
n 
re
qu
ire
m
en
ts
 
¨
R
ef
er
en
ce
 d
ra
w
in
gs
 
¨
Pi
pe
 s
pe
ci
fic
at
io
ns
 
¨
Ti
m
in
g/
sc
he
du
le
 
¨
Ty
pe
 o
f t
ie
-in
/s
iz
e:
 
o
H
ot
 ta
p 
o
Fl
an
ge
/B
ol
t u
p 
o
W
el
d 
o
C
ol
d 
cu
t 
o
Sc
re
w
ed
 
o
C
ut
 a
nd
 w
el
d 
¨
O
th
er
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 
ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Ti
e-
in
 li
st
 is
 c
om
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Al
l o
f t
he
 ti
e-
in
 lo
ca
tio
ns
 
ha
ve
 b
ee
n 
ap
pr
ov
ed
 
an
d 
si
gn
ed
 o
ff 
by
 
op
er
at
io
ns
 a
nd
 
co
ns
tru
ct
io
n 
an
d 
fin
al
iz
ed
 p
er
 p
ip
in
g 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
’s
) 
re
vi
ew
s 
an
d 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
. 
 Th
e 
tim
in
g 
of
 a
ll 
tie
-in
s 
ha
s 
be
en
 id
en
tif
ie
d 
(e
.g
., 
ea
rly
, o
pp
or
tu
ni
tie
s,
 p
re
-
tu
rn
ar
ou
nd
, t
ur
na
ro
un
d 
or
 p
os
t t
ur
na
ro
un
d)
. 
D
em
ol
iti
on
 re
qu
ire
m
en
ts
 
af
fe
ct
in
g 
tie
-in
s 
ha
ve
 
be
en
 id
en
tif
ie
d.
 
M
os
t o
f t
he
 ti
e-
in
 li
st
 is
 
co
m
pl
et
e 
w
ith
 m
in
or
 
ho
ld
s 
fo
r d
ef
ic
ie
nc
ie
s.
 
 Th
e 
m
aj
or
ity
 o
f t
he
 ti
e-
in
 
lo
ca
tio
ns
 h
av
e 
be
en
 fi
el
d 
ve
rif
ie
d,
 a
pp
ro
ve
d,
 a
nd
 
si
gn
ed
 o
ff 
by
 o
pe
ra
tio
ns
 
an
d 
co
ns
tru
ct
io
n.
 
 Th
e 
tim
in
g 
of
 m
os
t t
ie
-in
s 
ha
s 
be
en
 id
en
tif
ie
d 
(e
.g
., 
ea
rly
, o
pp
or
tu
ni
tie
s,
 p
re
-
tu
rn
ar
ou
nd
, t
ur
na
ro
un
d 
or
 
po
st
 tu
rn
ar
ou
nd
). 
D
em
ol
iti
on
 re
qu
ire
m
en
ts
 
af
fe
ct
in
g 
tie
-in
s 
ha
ve
 
m
os
tly
 b
ee
n 
id
en
tif
ie
d.
 
Pr
el
im
in
ar
y 
tie
-in
 
lis
t i
s 
co
m
pl
et
e 
w
ith
 s
ig
ni
fic
an
t 
de
fic
ie
nc
ie
s.
 
 So
m
e 
tie
-in
s 
ha
ve
 
be
en
 id
en
tif
ie
d 
on
 
th
e 
P&
ID
’s
. 
 Th
e 
pr
el
im
in
ar
y 
ap
pr
ov
al
 o
f t
ie
-in
 
se
qu
en
ce
 h
as
 
be
en
 g
iv
en
 fr
om
 
pr
oc
es
s,
 d
es
ig
n,
 
an
d 
op
er
at
io
ns
. 
Pr
el
im
in
ar
y 
tie
-in
 
lis
t s
ta
rt
ed
. 
 C
rit
ic
al
 p
ro
ce
ss
 ti
e-
in
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
on
 th
e 
P&
ID
’s
. 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
&
 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Fi
el
d 
ve
rif
y 
co
nd
iti
on
 o
f i
so
la
tio
n 
po
in
ts
 
¨
Se
qu
en
ci
ng
 o
f t
ie
-in
s 
w
ith
 p
ro
du
ct
io
n 
pl
an
ni
ng
 re
qu
ire
m
en
ts
 to
 e
ns
ur
e 
sa
fe
ty
 
an
d 
on
-g
oi
ng
 o
pe
ra
tio
ns
 
¨
Es
ta
bl
is
h 
de
co
nt
am
in
at
io
n 
an
d 
pu
rg
e 
re
qu
ire
m
en
ts
 to
 s
up
po
rt 
tie
-in
s 
¨
Ti
e 
in
 lo
ca
tio
ns
 a
pp
ro
ve
d 
by
 O
pe
ra
tio
ns
 
¨
En
su
re
 a
nd
 c
on
du
ct
 a
 s
tru
ct
ur
ed
 p
ro
ce
ss
 
to
 v
al
id
at
e 
tie
-in
s 
an
d 
tie
-in
 s
tra
te
gy
. 
Al
l o
f t
he
 ti
e-
in
 it
em
s 
re
la
te
d 
to
 R
&R
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
. 
M
os
t o
f t
he
 ti
e-
in
 it
em
s 
re
la
te
d 
to
 R
&R
 h
av
e 
be
en
 
do
cu
m
en
te
d,
 b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
So
m
e 
of
 th
e 
tie
-in
 
ite
m
s 
re
la
te
d 
to
 
R
&R
 h
av
e 
be
en
 
di
sc
us
se
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 
on
 ti
e-
in
 it
em
s 
re
la
te
d 
to
 R
&R
. 
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ST
 
  
M
ED
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 W
O
RS
T 
G
.
PR
O
CE
SS
/M
EC
H
A
NI
CA
L 
0 
1 
2 
3 
4 
5 
G
12
. P
ip
in
g 
Sp
ec
ia
lty
 It
em
s 
Li
st
  
Th
is
 li
st
 is
 u
se
d 
to
 s
pe
ci
fy
 in
-li
ne
 p
ip
in
g 
ite
m
s 
no
t c
ov
er
ed
 b
y 
pi
pi
ng
 m
at
er
ia
l 
sp
ec
ifi
ca
tio
ns
. I
t s
ho
ul
d 
id
en
tif
y 
al
l 
sp
ec
ia
l i
te
m
s 
by
 ta
g 
nu
m
be
r, 
in
 
su
m
m
ar
y 
fo
rm
at
. I
t s
ho
ul
d 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
¨
Ta
g 
nu
m
be
rs
 
¨
Q
ua
nt
iti
es
 
¨
Pi
pi
ng
 p
la
ns
 re
fe
re
nc
ed
 
¨
Pi
pi
ng
 d
et
ai
ls
 
¨
Fu
ll 
pu
rc
ha
se
 d
es
cr
ip
tio
n 
¨
M
at
er
ia
ls
 o
f c
on
st
ru
ct
io
n 
¨
P&
ID
s 
re
fe
re
nc
ed
 
¨
Li
ne
/e
qu
ip
m
en
t n
um
be
rs
 
¨
O
th
er
 
 C
om
m
en
ts
 o
n 
Is
su
es
: 
E
xa
m
pl
es
 o
f s
pe
ci
al
ty
 it
em
s 
ty
pi
ca
lly
 
in
cl
ud
e:
 h
ea
de
rs
, d
is
tri
bu
tio
n 
sy
st
em
s,
 
st
at
io
n 
sa
m
pl
es
 s
ys
te
m
s,
 T
-ty
pe
 
st
ra
in
er
s,
 s
te
am
 tr
ap
s,
 in
je
ct
io
n 
qu
ill
, 
fla
m
e 
ar
re
st
or
s,
 h
os
es
, c
ou
pl
in
gs
, a
nd
 
ga
m
m
a 
je
ts
. 
Not required for project. 
Pi
pi
ng
 s
pe
ci
al
ty
 it
em
s 
lis
t i
s 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
 Al
l p
ip
in
g 
sp
ec
ia
lty
 it
em
s 
ha
ve
 
be
en
 a
pp
ro
ve
d 
an
d 
si
gn
ed
 o
ff 
by
 
op
er
at
io
ns
 a
nd
 fi
na
liz
ed
 p
er
 
pi
pi
ng
 a
nd
 in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
’s
) r
ev
ie
w
s 
an
d 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
. 
 Al
l p
ip
in
g 
sp
ec
ia
lty
 it
em
s 
ar
e 
lis
te
d 
(e
.g
., 
pr
oc
es
s,
 o
ff-
si
te
, 
ut
ilit
y,
 s
ta
rt-
up
, b
yp
as
s,
 re
lie
f, 
ve
nt
, a
nd
 w
as
te
). 
N
ec
es
sa
ry
 
in
fo
rm
at
io
n 
is
 a
va
ila
bl
e 
fo
r a
ll 
ite
m
s 
w
hi
ch
 in
cl
ud
e:
 th
e 
ite
m
 
nu
m
be
r, 
fro
m
/to
, s
iz
e,
 p
re
ss
ur
e 
cl
as
s,
 p
ip
in
g 
m
at
er
ia
l 
sp
ec
ifi
ca
tio
n,
 
no
rm
al
/m
ax
im
um
/d
es
ig
n 
te
m
pe
ra
tu
re
 &
 p
re
ss
ur
e,
 te
st
 
re
qu
ire
m
en
ts
, h
ea
t t
ra
ci
ng
 &
 
in
su
la
tio
n 
re
qu
ire
m
en
ts
, a
nd
 
pa
in
tin
g 
re
qu
ire
m
en
ts
. 
Ad
di
tio
na
lly
, s
pe
ci
al
 c
on
st
ru
ct
io
n 
no
te
s 
(e
.g
., 
sl
op
e,
 n
o 
po
ck
et
s,
 
an
d 
em
er
ge
nc
y 
co
nd
iti
on
s)
 fo
r 
th
e 
lin
es
 a
re
 li
st
ed
. 
M
os
t o
f t
he
 p
ip
in
g 
sp
ec
ia
lty
 it
em
s 
lis
t i
s 
co
m
pl
et
e 
w
ith
 m
in
or
 
ho
ld
s/
 d
ef
ic
ie
nc
ie
s 
an
d 
is
su
ed
 fo
r P
H
A 
an
d 
ap
pr
ov
al
. 
 M
os
t o
f t
he
 p
ip
in
g 
sp
ec
ia
lty
 it
em
s 
ar
e 
lis
te
d 
(e
.g
., 
pr
oc
es
s,
 o
ff-
si
te
, 
ut
ilit
y,
 s
ta
rt-
up
, b
yp
as
s,
 
re
lie
f, 
ve
nt
, w
as
te
). 
Th
e 
in
fo
rm
at
io
n 
is
 a
va
ila
bl
e 
fo
r 
al
l i
te
m
s:
 it
em
 n
um
be
r, 
fro
m
/to
, s
iz
e,
 p
re
ss
ur
e 
cl
as
s,
 p
ip
in
g 
m
at
er
ia
l 
sp
ec
ifi
ca
tio
n,
 
no
rm
al
/m
ax
im
um
/d
es
ig
n 
te
m
pe
ra
tu
re
 &
 p
re
ss
ur
e,
 
te
st
 re
qu
ire
m
en
ts
, h
ea
t 
tra
ci
ng
 &
 in
su
la
tio
n 
re
qu
ire
m
en
ts
, a
nd
 
pa
in
tin
g 
re
qu
ire
m
en
ts
. 
So
m
e 
of
 th
e 
pi
pi
ng
 
sp
ec
ia
lty
 it
em
s 
lis
t i
s 
un
de
r d
ev
el
op
m
en
t 
w
ith
 d
ef
ic
ie
nc
ie
s.
 
 So
m
e 
pi
pi
ng
 s
pe
ci
al
ty
 
ite
m
s 
ar
e 
id
en
tif
ie
d.
  
Ite
m
s 
in
cl
ud
e 
th
e 
ne
ce
ss
ar
y 
in
fo
rm
at
io
n 
su
ch
 a
s:
 it
em
 n
um
be
r, 
fro
m
/to
, s
iz
e,
 p
re
ss
ur
e 
cl
as
s,
 p
ip
in
g 
m
at
er
ia
l 
sp
ec
ifi
ca
tio
n 
an
d 
he
at
 
tra
ci
ng
/ i
ns
ul
at
io
n 
re
qu
ire
m
en
ts
 u
nd
er
 
de
ve
lo
pm
en
t. 
Pi
pi
ng
 s
pe
ci
al
ty
 it
em
s 
lis
t s
ta
rt
ed
, b
ut
 n
ot
 
do
cu
m
en
te
d.
 
 Ke
y 
pi
pi
ng
 s
pe
ci
al
ty
 
ite
m
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d,
 b
ut
 
su
pp
or
tin
g 
da
ta
 n
ot
 
de
ve
lo
pe
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n/
 
co
ns
ul
tin
g 
ho
ur
s 
ha
ve
 
be
en
 e
xp
en
de
d 
on
 th
is
 
to
pi
c 
an
d 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Th
e 
sp
ec
ia
lty
 it
em
s 
lis
t t
o 
in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
si
te
 is
 
co
m
pl
et
e.
 
Th
e 
sp
ec
ia
lty
 it
em
s 
lis
t t
o 
in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
si
te
 is
 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
. 
Th
e 
sp
ec
ia
lty
 it
em
s 
lis
t t
o 
in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
si
te
 
is
 m
os
tly
 c
om
pl
et
e,
 b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
Th
e 
sp
ec
ia
lty
 it
em
s 
lis
t 
to
 in
te
rfa
ce
 w
ith
 e
xi
st
in
g 
si
te
 is
 u
nd
er
 
de
ve
lo
pm
en
t. 
A 
sm
al
l n
um
be
r o
f 
sp
ec
ia
lty
 it
em
s 
kn
ow
n 
to
 in
te
rfa
ce
 w
ith
 th
e 
ex
is
tin
g 
si
te
 h
av
e 
be
en
 
id
en
tif
ie
d.
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G
. P
R
O
C
ES
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M
EC
H
A
N
IC
A
L 
0 
1 
2 
3 
4 
5 
G
13
. I
ns
tr
um
en
t I
nd
ex
 
Th
is
 is
 a
 c
om
pl
et
e 
lis
tin
g 
of
 a
ll 
in
st
ru
m
en
ts
 b
y 
ta
g 
nu
m
be
r. 
Ev
al
ua
tio
n 
cr
ite
ria
 s
ho
ul
d 
in
cl
ud
e:
 
 ¨
Ta
g 
nu
m
be
r 
¨
In
st
ru
m
en
t t
yp
e 
¨
Se
rv
ic
e 
¨
P&
ID
 n
um
be
r 
¨
Li
ne
 n
um
be
r 
¨
In
su
la
tio
n,
 p
ai
nt
, h
ea
t t
ra
ci
ng
, 
w
in
te
riz
at
io
n,
 e
tc
. 
re
qu
ire
m
en
ts
 
¨
R
el
ie
vi
ng
 d
ev
ic
es
 (e
.g
., 
re
lie
f 
va
lv
es
, r
up
tu
re
 d
is
ks
) 
¨
O
th
er
 
 C
om
m
en
ts
 o
n 
Is
su
es
:  
Th
e 
in
st
ru
m
en
t i
nd
ex
 is
 d
ev
el
op
ed
 to
 
de
te
rm
in
e 
in
st
ru
m
en
t t
yp
es
 a
nd
 
qu
an
tit
ie
s.
 
Not required for project. 
Th
e 
in
st
ru
m
en
t i
nd
ex
 is
 
co
m
pl
et
e 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
in
st
ru
m
en
t i
nd
ex
 h
as
 
be
en
 a
pp
ro
ve
d 
an
d 
si
gn
ed
 
of
f b
y 
op
er
at
io
ns
, a
nd
 
fin
al
iz
ed
 p
er
 p
ip
in
g 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
’s
) r
ev
ie
w
s 
an
d 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 
(P
H
A)
. 
 In
st
ru
m
en
t t
ag
s,
 ty
pe
s,
 
P&
ID
 n
um
be
rs
, i
ns
tru
m
en
t 
m
an
uf
ac
tu
re
rs
, m
od
el
 
nu
m
be
rs
, r
an
ge
s 
& 
tri
p 
po
in
ts
 a
re
 in
cl
ud
ed
. T
he
 
in
de
x 
al
so
 in
cl
ud
es
 re
lie
f, 
on
/o
ff 
an
d 
co
nt
ro
l v
al
ve
s.
 
 In
st
ru
m
en
ts
 p
er
ta
in
in
g 
to
 
pa
ck
ag
e 
eq
ui
pm
en
t a
re
 a
ls
o 
in
cl
ud
ed
 b
as
ed
 o
n 
eq
ui
pm
en
t s
pe
ci
fic
 to
 th
e 
pr
oj
ec
t. 
Th
e 
in
st
ru
m
en
t i
nd
ex
 
is
 e
ss
en
tia
lly
 
co
m
pl
et
e 
an
d 
is
su
ed
 
fo
r P
H
A
 a
nd
 
ap
pr
ov
al
. 
 M
os
t i
ns
tru
m
en
t t
ag
s,
 
ty
pe
s,
 P
&I
D
 n
um
be
rs
, 
in
st
ru
m
en
t 
m
an
uf
ac
tu
re
rs
, m
od
el
 
nu
m
be
rs
, r
an
ge
s 
an
d 
tri
p 
po
in
ts
 a
re
 in
cl
ud
ed
. 
Th
e 
in
de
x 
al
so
 in
cl
ud
es
 
re
lie
f, 
on
/o
ff 
an
d 
co
nt
ro
l 
va
lv
es
. 
 In
st
ru
m
en
ts
 p
er
ta
in
in
g 
to
 p
ac
ka
ge
 e
qu
ip
m
en
t 
ar
e 
al
so
 in
cl
ud
ed
 
ba
se
d 
on
 e
qu
ip
m
en
t 
sp
ec
ifi
c 
to
 th
e 
pr
oj
ec
t. 
Th
e 
in
st
ru
m
en
t i
nd
ex
 
is
 u
nd
er
 re
vi
ew
, w
ith
 
si
gn
ifi
ca
nt
 h
ol
ds
 a
nd
 
de
fic
ie
nc
ie
s.
 
 So
m
e 
in
st
ru
m
en
t t
ag
s,
 
ty
pe
s,
 P
&I
D
 n
um
be
rs
, 
in
st
ru
m
en
t 
m
an
uf
ac
tu
re
rs
, m
od
el
 
nu
m
be
rs
, a
nd
 ra
ng
es
. 
Th
e 
in
de
x 
al
so
 
in
cl
ud
es
, o
n/
of
f a
nd
 
co
nt
ro
l v
al
ve
s.
 T
rip
 
po
in
ts
 a
nd
 re
lie
f v
al
ve
s 
ar
e 
no
t i
nc
lu
de
d,
 
aw
ai
tin
g 
th
e 
al
ar
m
 
st
ud
y.
 
 In
st
ru
m
en
ts
 p
er
ta
in
in
g 
to
 p
ac
ka
ge
 e
qu
ip
m
en
t 
ar
e 
no
t i
nc
lu
de
d;
 o
r a
re
 
no
t b
as
ed
 o
n 
eq
ui
pm
en
t s
pe
ci
fic
 to
 
th
e 
pr
oj
ec
t, 
bu
t b
as
ed
 
on
 g
en
er
ic
 p
ac
ka
ge
 
eq
ui
pm
en
t d
at
a.
 
Th
e 
pr
el
im
in
ar
y 
in
st
ru
m
en
t i
nd
ex
 
is
 s
ta
rt
ed
. 
 A 
ro
ug
h 
lis
t o
f 
in
st
ru
m
en
ts
 
in
cl
ud
in
g 
ty
pe
s,
 
m
ak
e 
an
d 
m
od
el
 
nu
m
be
rs
 a
re
 
de
fin
ed
 w
ith
 
qu
an
tit
ie
s 
fo
r t
he
 
pu
rp
os
e 
of
 
pr
el
im
in
ar
y 
co
st
. 
 Th
e 
pr
el
im
in
ar
y 
in
de
x 
ad
dr
es
se
s 
m
aj
or
 p
ro
ce
ss
 
an
d 
of
f-s
ite
 
eq
ui
pm
en
t, 
an
d 
ut
ilit
y 
lin
es
. 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
In
st
ru
m
en
t S
ta
tu
s 
(e
.g
., 
ne
w
, 
ex
is
tin
g,
 re
lo
ca
te
, m
od
ify
, 
re
fu
rb
is
h,
 o
r d
is
m
an
tle
) 
¨
Ex
is
tin
g 
in
st
ru
m
en
ta
tio
n 
an
d 
va
lv
es
 (e
.g
., 
tri
m
, f
un
ct
io
na
lit
y,
 
le
ak
ag
e,
 c
lo
su
re
) 
Th
e 
in
st
ru
m
en
t s
ta
tu
s 
an
d 
ex
is
tin
g 
in
st
ru
m
en
ta
tio
n 
an
d 
va
lv
es
 a
re
 c
om
pl
et
el
y 
de
fin
ed
 d
oc
um
en
te
d,
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t o
f t
he
 in
st
ru
m
en
t 
st
at
us
, e
xi
st
in
g 
in
st
ru
m
en
ta
tio
n,
 a
nd
 
va
lv
es
 a
re
 
do
cu
m
en
te
d,
 b
ut
 n
ot
 
ye
t r
ev
ie
w
ed
 a
nd
 
ap
pr
ov
ed
 
So
m
e 
of
 th
e 
in
st
ru
m
en
t 
st
at
us
, e
xi
st
in
g 
in
st
ru
m
en
ta
tio
n,
 a
nd
 
va
lv
es
 h
av
e 
be
en
 
id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 th
e 
in
st
ru
m
en
t 
st
at
us
 a
nd
 
ex
is
tin
g 
in
st
ru
m
en
ta
tio
n 
an
d 
va
lv
es
. 
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 W
O
R
ST
 
H
.
EQ
U
IP
M
EN
T 
SC
O
PE
 
0 
1 
2 
3 
4 
5 
H
1.
 E
qu
ip
m
en
t S
ta
tu
s 
 H
as
 th
e 
eq
ui
pm
en
t b
ee
n 
de
fin
ed
, i
nq
ui
re
d,
 b
id
 ta
bb
ed
, o
r 
pu
rc
ha
se
d?
 T
hi
s 
in
cl
ud
es
 a
ll 
en
gi
ne
er
ed
 e
qu
ip
m
en
t s
uc
h 
as
: 
¨
Pr
oc
es
s 
¨
El
ec
tri
ca
l 
¨
M
ec
ha
ni
ca
l 
¨
H
ea
tin
g,
 v
en
til
at
io
n,
 a
ir 
co
nd
iti
on
in
g 
(H
VA
C
) 
¨
In
st
ru
m
en
ts
 
¨
Se
cu
rit
y-
re
la
te
d 
eq
ui
pm
en
t 
¨
Sp
ec
ia
lty
 it
em
s 
¨
D
is
tri
bu
te
d 
co
nt
ro
l s
ys
te
m
s 
¨
O
th
er
 
Ev
al
ua
tio
n 
cr
ite
ria
 s
ho
ul
d 
in
cl
ud
e:
 
¨
Eq
ui
pm
en
t d
at
a 
sh
ee
ts
 
¨
N
um
be
r o
f i
te
m
s 
in
qu
ire
d 
¨
N
um
be
r o
f i
te
m
s 
w
ith
 a
pp
ro
ve
d 
bi
d 
ta
bs
 
¨
N
um
be
r o
f i
te
m
s 
pu
rc
ha
se
d 
¨
C
on
si
de
ra
tio
ns
 fo
r p
re
-fa
b 
vs
. s
tic
k 
bu
ild
 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
M
aj
or
 e
qu
ip
m
en
t i
te
m
s 
ar
e 
ty
pi
ca
lly
 th
os
e 
id
en
tif
ie
d 
on
 p
ro
ce
ss
 
flo
w
 d
ia
gr
am
s 
(P
FD
’s
), 
pa
ck
ag
ed
 e
qu
ip
m
en
t, 
ha
ve
 lo
ng
 d
el
iv
er
y 
tim
es
, m
ak
e 
up
 a
 la
rg
e 
pe
rc
en
ta
ge
 o
f t
he
 p
ro
je
ct
 c
os
t a
nd
 a
re
 
cr
iti
ca
l t
o 
pr
oj
ec
t s
uc
ce
ss
. M
in
or
 e
qu
ip
m
en
t i
te
m
s 
ar
e 
ty
pi
ca
lly
 
an
ci
lla
ry
 s
up
po
rt 
eq
ui
pm
en
t t
o 
m
aj
or
 it
em
s 
or
 m
is
ce
lla
ne
ou
s 
ut
ili
ty
 re
la
te
d 
ite
m
s.
 T
he
se
 a
re
 ty
pi
ca
lly
 it
em
s 
of
 lo
w
 c
os
t r
el
at
iv
e 
to
 m
aj
or
 it
em
s 
or
 it
em
s 
th
at
 m
ay
 b
e 
co
ve
re
d 
in
 a
n 
al
lo
w
an
ce
. 
D
at
a 
sh
ee
t d
ev
el
op
m
en
t t
yp
ic
al
ly
 p
re
ce
de
s 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
e 
de
ve
lo
pm
en
t. 
O
fte
n 
ite
m
s 
ar
e 
pr
el
im
in
ar
y 
in
qu
ire
d 
w
ith
 a
 d
at
a 
sh
ee
t o
nl
y 
to
 s
at
is
fy
 F
E
E
D
 re
qu
ire
m
en
ts
. F
ur
th
er
m
or
e,
 th
e 
sc
he
du
le
 is
 ty
pi
ca
lly
 c
on
si
de
re
d 
he
re
 to
 in
co
rp
or
at
e 
de
liv
er
y 
tim
es
 o
f l
on
g-
le
ad
 it
em
s 
an
d 
cr
iti
ca
l e
qu
ip
m
en
t. 
Not required for project. 
A
ll 
m
aj
or
 a
nd
 m
in
or
 
eq
ui
pm
en
t i
te
m
s 
ha
ve
 
be
en
 a
pp
ro
ve
d 
by
 k
ey
 
st
ak
eh
ol
de
rs
 a
nd
 a
re
 
re
ad
y 
fo
r p
ur
ch
as
e.
 
 D
at
a 
sh
ee
ts
 a
nd
 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
es
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
an
d 
ap
pr
ov
ed
 fo
r a
ll 
m
aj
or
 a
nd
 m
in
or
 
eq
ui
pm
en
t i
te
m
s.
  
 M
ul
tip
le
 b
id
s 
ha
ve
 b
ee
n 
re
ce
iv
ed
 fo
r a
ll 
m
aj
or
 a
nd
 
m
in
or
 e
qu
ip
m
en
t i
te
m
s 
fro
m
 a
pp
ro
ve
d 
su
pp
lie
rs
. 
Bi
d 
ta
bs
 h
av
e 
be
en
 
cr
ea
te
d 
fo
r a
ll 
m
aj
or
 a
nd
 
m
in
or
 it
em
s.
 
 So
m
e 
m
aj
or
 e
qu
ip
m
en
t 
ite
m
s 
m
ay
 h
av
e 
be
en
 
pu
rc
ha
se
d 
an
d 
th
e 
re
m
ai
ni
ng
 m
aj
or
 a
nd
 
so
m
e 
m
in
or
 it
em
s 
ar
e 
ap
pr
ov
ed
 fo
r p
ur
ch
as
e.
 
A
ll 
m
aj
or
 a
nd
 m
os
t 
m
in
or
 e
qu
ip
m
en
t i
te
m
s 
ha
ve
 b
ee
n 
de
fin
ed
, 
in
qu
ire
d,
 b
id
 ta
bb
ed
, 
an
d 
re
ad
y 
fo
r p
ur
ch
as
e.
 
 D
at
a 
sh
ee
ts
 a
nd
 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
es
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
an
d 
ap
pr
ov
ed
 fo
r a
ll 
m
aj
or
 a
nd
 m
os
t m
in
or
 
eq
ui
pm
en
t i
te
m
s.
  
 M
ul
tip
le
 b
id
s 
ha
ve
 b
ee
n 
re
ce
iv
ed
 fo
r a
ll 
m
aj
or
 a
nd
 
m
os
t m
in
or
 e
qu
ip
m
en
t 
ite
m
s 
fro
m
 a
pp
ro
ve
d 
su
pp
lie
rs
. B
id
 ta
bs
 h
av
e 
be
en
 c
re
at
ed
 fo
r m
os
t 
m
aj
or
 a
nd
 s
om
e 
m
in
or
 
ite
m
s.
 
 A 
fe
w
 m
aj
or
 e
qu
ip
m
en
t 
ite
m
s 
m
ay
 h
av
e 
be
en
 
pu
rc
ha
se
d 
an
d 
so
m
e 
m
aj
or
 a
nd
 a
 fe
w
 m
in
or
 
ite
m
s 
ar
e 
ap
pr
ov
ed
 fo
r 
pu
rc
ha
se
. 
M
os
t m
aj
or
 a
nd
 s
om
e 
m
in
or
 e
qu
ip
m
en
t i
te
m
s 
ha
ve
 b
ee
n 
de
fin
ed
, 
in
qu
ire
d,
 a
nd
 b
id
 
ta
bb
ed
. 
 D
at
a 
sh
ee
ts
 a
nd
 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
es
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
fo
r 
m
os
t m
aj
or
 a
nd
 s
om
e 
m
in
or
 e
qu
ip
m
en
t i
te
m
s.
 
 Bi
ds
 h
av
e 
be
en
 re
ce
iv
ed
 
fo
r m
os
t m
aj
or
 a
nd
 s
om
e 
m
in
or
 e
qu
ip
m
en
t i
te
m
s.
 
Bi
d 
ta
bs
 h
av
e 
be
en
 
cr
ea
te
d 
fo
r s
om
e 
m
aj
or
 
ite
m
s.
  
 So
m
e 
ite
m
s 
ha
ve
 b
ee
n 
ap
pr
ov
ed
 fo
r p
ur
ch
as
e.
 
So
m
e 
m
aj
or
 a
nd
 a
 
fe
w
 m
in
or
 
eq
ui
pm
en
t i
te
m
s 
ha
ve
 b
ee
n 
de
fin
ed
 
an
d 
in
qu
ire
d.
 
 D
at
a 
sh
ee
ts
 a
nd
 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
es
 h
av
e 
be
en
 
de
ve
lo
pe
d 
fo
r s
om
e 
m
aj
or
 a
nd
 a
 fe
w
 
m
in
or
 e
qu
ip
m
en
t 
ite
m
s.
 
 Bi
ds
 h
av
e 
be
en
 
re
ce
iv
ed
 fo
r s
om
e 
m
aj
or
 a
nd
 a
 fe
w
 
m
in
or
 e
qu
ip
m
en
t 
ite
m
s.
 B
id
 ta
bs
 h
av
e 
be
en
 c
re
at
ed
 fo
r a
 
fe
w
 m
aj
or
 e
qu
ip
m
en
t 
ite
m
s.
 
 A 
fe
w
 e
qu
ip
m
en
t 
ite
m
s 
ar
e 
ap
pr
ov
ed
 
fo
r p
ur
ch
as
e.
 
Not yet started. 
 **
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 
**
 ¨
M
od
ifi
ca
tio
ns
 a
nd
 re
fu
rb
is
hm
en
t o
f e
xi
st
in
g 
eq
ui
pm
en
t. 
M
od
ifi
ca
tio
n 
an
d 
re
fu
rb
is
hm
en
t s
co
pe
 o
f 
ex
is
tin
g 
eq
ui
pm
en
t i
s 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t o
f t
he
 m
od
ifi
ca
tio
n 
an
d 
re
fu
rb
is
hm
en
t s
co
pe
 
of
 e
xi
st
in
g 
eq
ui
pm
en
t i
s 
do
cu
m
en
te
d,
 b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
So
m
e 
m
od
ifi
ca
tio
n 
an
d 
re
fu
rb
is
hm
en
t s
co
pe
 o
f 
ex
is
tin
g 
eq
ui
pm
en
t i
s 
de
ve
lo
pe
d.
 
M
od
ifi
ca
tio
n 
an
d 
re
fu
rb
is
hm
en
t s
co
pe
 
of
 e
xi
st
in
g 
eq
ui
pm
en
t h
as
 ju
st
 
st
ar
te
d.
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.
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T 
SC
O
PE
 
0 
1 
2 
3 
4 
5 
H
2.
 E
qu
ip
m
en
t L
oc
at
io
n 
D
ra
w
in
gs
  
 Eq
ui
pm
en
t l
oc
at
io
n/
ar
ra
ng
em
en
t d
ra
w
in
gs
 
id
en
tif
y 
th
e 
sp
ec
ifi
c 
lo
ca
tio
n 
of
 e
ac
h 
ite
m
 o
f 
eq
ui
pm
en
t i
n 
a 
pr
oj
ec
t. 
Th
es
e 
dr
aw
in
gs
 s
ho
ul
d 
id
en
tif
y 
ite
m
s 
su
ch
 a
s:
 
 ¨
El
ev
at
io
n 
vi
ew
s 
of
 e
qu
ip
m
en
t a
nd
 
pl
at
fo
rm
s 
¨
To
p 
of
 s
te
el
 fo
r p
la
tfo
rm
s 
an
d 
pi
pe
 ra
ck
s 
¨
Pa
vi
ng
 a
nd
 fo
un
da
tio
n 
el
ev
at
io
ns
 
¨
C
oo
rd
in
at
es
 o
f a
ll 
eq
ui
pm
en
t 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
M
aj
or
 e
qu
ip
m
en
t i
te
m
s 
ar
e 
ty
pi
ca
lly
 th
os
e 
id
en
tif
ie
d 
on
 p
ro
ce
ss
 fl
ow
 d
ia
gr
am
s 
(P
FD
’s
), 
pa
ck
ag
ed
 e
qu
ip
m
en
t, 
ha
ve
 lo
ng
 d
el
iv
er
y 
tim
es
, 
m
ak
e 
up
 a
 la
rg
e 
pe
rc
en
ta
ge
 o
f t
he
 p
ro
je
ct
 c
os
t 
an
d 
ar
e 
cr
iti
ca
l t
o 
pr
oj
ec
t s
uc
ce
ss
. M
in
or
 
eq
ui
pm
en
t i
te
m
s 
ar
e 
ty
pi
ca
lly
 a
nc
ill
ar
y 
su
pp
or
t 
eq
ui
pm
en
t t
o 
m
aj
or
 it
em
s 
or
 m
is
ce
lla
ne
ou
s 
ut
ili
ty
 
re
la
te
d 
ite
m
s.
 T
he
se
 a
re
 ty
pi
ca
lly
 it
em
s 
of
 lo
w
 
co
st
 re
la
tiv
e 
to
 m
aj
or
 it
em
s 
or
 it
em
s 
th
at
 m
ay
 b
e 
co
ve
re
d 
in
 a
n 
al
lo
w
an
ce
. D
at
a 
sh
ee
t 
de
ve
lo
pm
en
t t
yp
ic
al
ly
 p
re
ce
de
s 
sp
ec
ifi
ca
tio
n 
pa
ck
ag
e 
de
ve
lo
pm
en
t. 
O
fte
n 
ite
m
s 
ar
e 
pr
el
im
in
ar
y 
in
qu
ire
d 
w
ith
 a
 d
at
a 
sh
ee
t o
nl
y 
to
 
sa
tis
fy
 F
E
E
D
 re
qu
ire
m
en
ts
. C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 ta
ke
n 
in
to
 
ac
co
un
t w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 
th
is
 e
le
m
en
t. 
 
  
Not required for project. 
Eq
ui
pm
en
t l
oc
at
io
n 
dr
aw
in
gs
 a
re
 d
ev
el
op
ed
 
us
in
g 
3-
D
 m
od
el
lin
g 
an
d 
ap
pr
ov
ed
 v
ia
 
pr
el
im
in
ar
y 
m
od
el
 
re
vi
ew
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Eq
ui
pm
en
t l
oc
at
io
n 
dr
aw
in
gs
 h
av
e 
be
en
 
th
ro
ug
h 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
, a
nd
 
co
m
m
en
ts
/re
fin
em
en
ts
 
ha
ve
 b
ee
n 
in
co
rp
or
at
ed
. 
 Al
l m
aj
or
 a
nd
 m
in
or
 
eq
ui
pm
en
t i
te
m
s 
ar
e 
sh
ow
n 
in
 th
e 
eq
ui
pm
en
t 
lo
ca
tio
n 
dr
aw
in
gs
, a
lo
ng
 
w
ith
 th
ei
r r
el
ev
an
t 
in
fo
rm
at
io
n,
 in
cl
ud
in
g 
co
or
di
na
te
s 
of
 e
qu
ip
m
en
t, 
el
ev
at
io
ns
, a
nd
 ta
g 
nu
m
be
rs
. 
 Pr
op
er
 d
is
ta
nc
es
 b
et
w
ee
n 
al
l i
te
m
s 
ar
e 
co
ns
id
er
ed
 
fro
m
 th
e 
sa
fe
ty
, 
op
er
at
io
ns
, a
nd
 
m
ai
nt
en
an
ce
 p
oi
nt
s 
of
 
vi
ew
. 
 3-
D
 m
od
el
in
g 
w
as
 u
til
iz
ed
 
to
 d
ev
el
op
 th
e 
lo
ca
tio
n 
dr
aw
in
gs
. 
Eq
ui
pm
en
t l
oc
at
io
n 
dr
aw
in
gs
 a
re
 m
os
tly
 
co
m
pl
et
e 
an
d 
is
su
ed
 fo
r 
re
vi
ew
. 
 Eq
ui
pm
en
t l
oc
at
io
n 
dr
aw
in
gs
 h
av
e 
be
en
 
su
bm
itt
ed
 fo
r P
H
A
, a
nd
 
ar
e 
in
 th
e 
fin
al
 s
ta
ge
s 
of
 
th
e 
re
vi
ew
 p
ro
ce
ss
. 
 Al
l m
aj
or
 a
nd
 s
om
e 
m
in
or
 
eq
ui
pm
en
t i
te
m
s 
ar
e 
sh
ow
n 
on
 th
e 
eq
ui
pm
en
t 
lo
ca
tio
n 
dr
aw
in
gs
, a
lo
ng
 
w
ith
 th
ei
r r
el
ev
an
t 
in
fo
rm
at
io
n 
in
cl
ud
in
g 
co
or
di
na
te
s 
of
 e
qu
ip
m
en
t, 
el
ev
at
io
ns
, a
nd
 ta
g 
nu
m
be
rs
. 
 Pr
op
er
 d
is
ta
nc
es
 b
et
w
ee
n 
m
os
t e
qu
ip
m
en
t i
te
m
s 
ar
e 
co
ns
id
er
ed
 fr
om
 th
e 
sa
fe
ty
, o
pe
ra
tio
ns
, a
nd
 
m
ai
nt
en
an
ce
 p
oi
nt
s 
of
 
vi
ew
.  
 
 
Eq
ui
pm
en
t l
oc
at
io
n 
dr
aw
in
gs
 a
re
 d
ev
el
op
ed
, 
w
ith
 s
om
e 
ho
ld
s 
fo
r 
de
fic
ie
nc
ie
s.
 
 M
os
t m
aj
or
 e
qu
ip
m
en
t i
te
m
s 
ar
e 
sh
ow
n 
on
 e
qu
ip
m
en
t 
lo
ca
tio
n 
dr
aw
in
gs
, a
lo
ng
 
w
ith
 th
ei
r r
el
ev
an
t d
at
a,
 
in
cl
ud
in
g 
co
or
di
na
te
s,
 ta
g 
nu
m
be
rs
 a
nd
 e
le
va
tio
n.
 
  Ap
pr
ox
im
at
e 
di
st
an
ce
s 
be
tw
ee
n 
m
os
t m
aj
or
 
eq
ui
pm
en
t i
te
m
s 
ar
e 
co
ns
id
er
ed
 fr
om
 th
e 
sa
fe
ty
, 
op
er
at
io
ns
 a
nd
 m
ai
nt
en
an
ce
 
po
in
ts
 o
f v
ie
w
. 
 
Eq
ui
pm
en
t 
lo
ca
tio
n 
dr
aw
in
gs
 h
av
e 
be
en
 
de
ve
lo
pe
d 
fo
r 
on
ly
 a
 fe
w
 
m
aj
or
 
eq
ui
pm
en
t 
ite
m
s.
 
 Eq
ui
pm
en
t 
lo
ca
tio
n 
dr
aw
in
gs
 
in
cl
ud
e 
ro
ug
h 
di
ag
ra
m
m
at
ic
 
re
pr
es
en
ta
tio
n 
of
 a
 fe
w
 m
aj
or
 
eq
ui
pm
en
t 
ite
m
s.
 
 Bo
un
da
rie
s,
 
ap
pr
ox
im
at
e 
lo
ca
tio
n 
an
d 
el
ev
at
io
n 
in
fo
rm
at
io
n 
fo
r 
a 
fe
w
 m
aj
or
 
eq
ui
pm
en
t 
ite
m
s 
ar
e 
in
cl
ud
ed
 in
 th
e 
dr
aw
in
gs
. 
   
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
&
 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
C
le
ar
ly
 id
en
tif
y 
ex
is
tin
g 
eq
ui
pm
en
t t
o 
be
 
re
m
ov
ed
 o
r r
ea
rr
an
ge
d,
 o
r t
o 
re
m
ai
n 
in
 
pl
ac
e 
Ex
is
tin
g 
eq
ui
pm
en
t i
te
m
s 
to
 b
e 
re
m
ov
ed
, 
re
ar
ra
ng
ed
, o
r t
o 
re
m
ai
n 
in
 p
la
ce
, a
re
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t o
f t
he
 e
xi
st
in
g 
eq
ui
pm
en
t i
te
m
s 
to
 b
e 
re
m
ov
ed
, r
ea
rr
an
ge
d,
 o
r 
to
 re
m
ai
n 
in
 p
la
ce
, a
re
 
do
cu
m
en
te
d,
 b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
So
m
e 
of
 th
e 
ex
is
tin
g 
eq
ui
pm
en
t t
o 
be
 re
m
ov
ed
, 
re
ar
ra
ng
ed
, o
r t
o 
re
m
ai
n 
in
 
pl
ac
e 
ar
e 
id
en
tif
ie
d 
on
 th
e 
dr
aw
in
gs
. 
A 
pr
el
im
in
ar
y 
ev
al
ua
tio
n 
of
 
ex
is
tin
g 
eq
ui
pm
en
t t
o 
be
 re
m
ov
ed
 o
r 
re
ar
ra
ng
ed
 h
as
 
be
en
 s
ta
rte
d.
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.
EQ
U
IP
M
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0 
1 
2 
3 
4 
5 
H
3.
 E
qu
ip
m
en
t U
til
ity
 R
eq
ui
re
m
en
ts
  
A 
ta
bu
la
te
d 
lis
t o
f u
til
ity
 re
qu
ire
m
en
ts
 fo
r a
ll 
eq
ui
pm
en
t 
ite
m
s 
sh
ou
ld
 b
e 
de
ve
lo
pe
d.
 T
he
 li
st
 s
ho
ul
d 
id
en
tif
y 
re
qu
ire
m
en
ts
 s
uc
h 
as
: 
¨
Ai
r  
o
Pl
an
t A
ir 
o
In
st
ru
m
en
t A
ir 
o
Va
cu
um
 S
ys
te
m
 
¨
W
at
er
 
o
Pl
an
t W
at
er
 
o
C
hi
lle
d 
W
at
er
 
o
H
ot
 W
at
er
 
o
Pr
oc
es
s 
W
at
er
 (e
.g
., 
ca
rb
on
 fi
lte
re
d,
 d
eg
as
ifi
ed
, 
de
m
in
er
al
iz
ed
) 
¨
St
ea
m
 
o
H
ig
h 
Pr
es
su
re
 
o
M
ed
iu
m
 P
re
ss
ur
e 
o
Lo
w
 P
re
ss
ur
e 
o
C
on
de
ns
at
e 
Sy
st
em
 
¨
Fu
el
 
o
N
at
ur
al
 G
as
 
o
Fu
el
 O
il 
o
Pr
op
an
e 
o
Al
te
rn
at
iv
es
 
¨
Ve
nt
ila
tio
n 
o
H
VA
C
 
o
R
ef
rig
er
at
io
n 
¨
Pr
oc
es
s 
o
C
ar
bo
n 
di
ox
id
e 
o
Am
m
on
ia
 
o
N
itr
og
en
 
o
O
xy
ge
n 
¨
O
th
er
s 
o
Pr
oc
es
s 
o
Fr
ee
ze
 
o
Ja
ck
et
ed
 
¨
Pr
oc
es
s 
pi
pe
 c
oo
lin
g 
o
Ja
ck
et
ed
 
o
Tr
ac
ed
 
¨
O
th
er
 
Not required for project. 
Eq
ui
pm
en
t u
til
ity
 
re
qu
ire
m
en
ts
 a
re
 
de
fin
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 A 
se
pa
ra
te
 ta
bl
e 
is
 
pr
ov
id
ed
 fo
r e
ac
h 
ut
ilit
y 
se
rv
ic
e 
an
d 
in
cl
ud
es
 d
et
ai
ls
 (e
.g
., 
eq
ui
pm
en
t t
ag
 
nu
m
be
r, 
de
sc
rip
tio
n 
of
 e
qu
ip
m
en
t, 
se
rv
ic
e 
co
nd
iti
on
 re
qu
ire
d,
 
flo
w
/q
ua
nt
ity
, m
et
ho
d 
of
 s
up
pl
y,
 s
er
vi
ce
 
le
ve
ls
, 
m
et
er
in
g/
m
on
ito
rin
g 
m
et
ho
do
lo
gy
, 
em
er
ge
nc
y 
sh
ut
 o
ff 
pr
ov
is
io
ns
, s
er
vi
ce
 
pr
ov
id
er
 d
et
ai
ls
, a
nd
 
sp
ec
ia
l r
eq
ui
re
m
en
ts
 
fo
r h
ea
tin
g 
/c
oo
lin
g,
 
fre
ez
e 
pr
ot
ec
tio
n/
tra
ci
ng
). 
 Pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
 
re
co
m
m
en
da
tio
ns
 a
re
 
in
co
rp
or
at
ed
 in
to
 th
e 
lis
t. 
M
os
t e
qu
ip
m
en
t 
ut
ili
ty
 re
qu
ire
m
en
ts
 
ar
e 
de
fin
ed
 a
nd
 
do
cu
m
en
te
d 
to
 
m
at
ch
 u
p 
w
ith
 th
e 
su
pp
ly
 c
on
di
tio
ns
, 
bu
t a
re
 m
is
si
ng
 
m
in
or
 d
et
ai
ls
. 
 Th
e 
ut
ilit
ie
s 
lis
t i
s 
m
os
tly
 c
om
pl
et
e 
bu
t 
m
ay
 b
e 
m
is
si
ng
 
in
fo
rm
at
io
n 
su
ch
 a
s 
eq
ui
pm
en
t t
ag
 
nu
m
be
rs
, m
et
ho
d 
of
 
su
pp
ly
, e
m
er
ge
nc
y 
sh
ut
 o
ff 
pr
ov
is
io
ns
 o
r 
in
fo
rm
at
io
n 
on
 
se
co
nd
ar
y 
ut
ilit
y 
ve
nd
or
 p
ac
ka
ge
s.
 
So
m
e 
eq
ui
pm
en
t 
ut
ili
ty
 
re
qu
ire
m
en
ts
 
ar
e 
de
fin
ed
. 
 M
is
si
ng
 p
ie
ce
s 
of
 in
fo
rm
at
io
n 
co
ul
d 
ha
ve
 
si
gn
ifi
ca
nt
 c
os
t 
an
d 
sc
he
du
le
 
im
pl
ic
at
io
ns
. 
 Th
e 
ut
ilit
ie
s 
lis
t i
s 
be
in
g 
de
ve
lo
pe
d,
 
an
d 
da
ta
 
co
lle
ct
io
n 
ac
tiv
iti
es
 a
re
 in
 
pr
og
re
ss
. S
om
e 
m
aj
or
/c
rit
ic
al
 
eq
ui
pm
en
t’s
 
re
qu
ire
m
en
ts
 a
re
 
no
t w
el
l d
ef
in
ed
. 
Eq
ui
pm
en
t 
ut
ili
ty
 
re
qu
ire
m
en
ts
 
de
fin
iti
on
 a
nd
 
de
ve
lo
pm
en
t 
w
or
k 
ha
s 
st
ar
te
d.
 
 G
en
er
al
 u
til
ity
 
re
qu
ire
m
en
t 
de
ta
ils
 a
re
 
kn
ow
n,
 b
ut
 n
ot
 
ap
pr
op
ria
te
ly
 
do
cu
m
en
te
d.
 
 In
di
vi
du
al
 
eq
ui
pm
en
t i
te
m
 
ut
ilit
y 
re
qu
ire
m
en
ts
 a
re
 
no
t c
om
pl
et
el
y 
de
fin
ed
. 
Not yet started. 
 
 
 
 
 
 
 
  229 
 
  
SE
CT
IO
N 
II 
– 
BA
SI
S 
O
F 
DE
SI
G
N
 
De
fin
iti
on
 L
ev
el
 
 
N/ A
 
BE
ST
 
  
M
ED
IU
M
 
 W
O
RS
T 
I.
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0 
1 
2 
3 
4 
5 
I1
. C
iv
il/
St
ru
ct
ur
al
 R
eq
ui
re
m
en
ts
 
 Ci
vi
l/s
tru
ct
ur
al
 re
qu
ire
m
en
ts
 s
ho
ul
d 
be
 d
ev
el
op
ed
 a
nd
 in
cl
ud
e 
th
e 
is
su
es
 s
uc
h 
as
 th
e 
fo
llo
w
in
g:
 
 ¨
St
ru
ct
ur
al
 d
ra
w
in
gs
 
¨
Pi
pe
 ra
ck
s/
su
pp
or
ts
 
¨
El
ev
at
io
n 
vi
ew
s 
¨
To
p 
of
 s
te
el
 fo
r p
la
tfo
rm
s 
 
¨
H
ig
h 
po
in
t e
le
va
tio
ns
 fo
r g
ra
de
, p
av
in
g,
 a
nd
 fo
un
da
tio
ns
 
¨
Lo
ca
tio
n 
of
 e
qu
ip
m
en
t a
nd
 o
ffi
ce
s 
¨
C
on
st
ru
ct
io
n 
m
at
er
ia
ls
 (e
.g
., 
co
nc
re
te
, s
te
el
, c
lie
nt
 
st
an
da
rd
s)
 
¨
Ph
ys
ic
al
 re
qu
ire
m
en
ts
 
¨
Se
is
m
ic
 re
qu
ire
m
en
ts
 
¨
M
in
im
um
 c
le
ar
an
ce
s 
¨
Fi
re
pr
oo
fin
g 
re
qu
ire
m
en
ts
 
¨
C
or
ro
si
on
 c
on
tro
l r
eq
ui
re
m
en
ts
/re
qu
ire
d 
pr
ot
ec
tiv
e 
co
at
in
gs
 
¨
En
cl
os
ur
e 
re
qu
ire
m
en
ts
 (e
.g
., 
op
en
, c
lo
se
d,
 c
ov
er
ed
) 
¨
Se
co
nd
ar
y 
co
nt
ai
nm
en
t 
¨
En
vi
ro
nm
en
ta
l s
us
ta
in
ab
ilit
y 
co
ns
id
er
at
io
ns
 
¨
D
ik
es
 
¨
St
or
m
 s
ew
er
s 
¨
C
lie
nt
 s
pe
ci
fic
at
io
ns
 (e
.g
., 
ba
si
s 
fo
r d
es
ig
n 
lo
ad
s,
 
vu
ln
er
ab
ilit
y 
an
d 
ris
k 
as
se
ss
m
en
ts
) 
¨
Fu
tu
re
 e
xp
an
si
on
 c
on
si
de
ra
tio
ns
 
¨
O
th
er
  
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 tr
en
ch
es
 fo
r d
ra
in
ag
e 
sy
st
em
s 
an
d 
du
ct
 b
an
ks
 fo
r e
le
ct
ric
al
 u
nd
er
gr
ou
nd
, m
ai
n 
eq
ui
pm
en
t 
fo
un
da
tio
n 
ty
pe
 d
ef
in
ed
 (s
la
bs
, p
ile
s,
 e
tc
.) 
N
ot
e 
th
at
 th
es
e 
ar
e 
ju
st
 th
e 
ci
vi
l/s
tru
ct
ur
al
 re
qu
ire
m
en
ts
, n
ot
 th
e 
ac
tu
al
 
ci
vi
l/s
tru
ct
ur
al
 d
ra
w
in
gs
. 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t a
re
 ty
pi
ca
lly
 ta
ke
n 
in
to
 
ac
co
un
t w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
ci
vi
l/s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
ci
vi
l/s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
ne
ar
ly
 c
om
pl
et
el
y 
de
fin
ed
 (w
ith
 fe
w
 
ex
ce
pt
io
ns
) a
nd
 
do
cu
m
en
te
d 
in
cl
us
iv
e 
of
 s
pe
ci
fic
at
io
ns
.  
Th
es
e 
do
cu
m
en
ts
 h
av
e 
be
en
 is
su
ed
 fo
r d
es
ig
n 
(IF
D
) a
nd
 h
av
e 
be
en
 
ap
pr
ov
ed
 b
y 
cl
ie
nt
 / 
st
ak
eh
ol
de
r. 
 A
 d
et
ai
le
d 
sc
op
e 
of
 w
or
k 
ha
s 
be
en
 is
su
ed
 a
nd
 
co
nt
ai
ns
 th
e 
de
fin
iti
on
 
of
 c
iv
il 
/ s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
. 
Fo
r s
om
e 
in
du
st
ria
l 
pr
oj
ec
ts
, c
om
pl
et
in
g 
th
e 
in
iti
al
 3
D
 m
od
el
s 
is
 
an
 a
cc
ep
ta
bl
e 
su
bs
tit
ut
e 
fo
r 
pr
od
uc
tio
n 
of
 d
es
ig
n 
dr
aw
in
gs
. 
M
os
t o
f t
he
 c
iv
il/
 
st
ru
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
St
ak
eh
ol
de
rs
 h
av
e 
re
vi
ew
ed
 a
nd
 
co
m
m
en
te
d 
on
 d
ra
ft 
do
cu
m
en
ts
. 
 M
os
t o
f t
he
 c
iv
il 
/ 
st
ru
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d.
 T
he
 c
iv
il 
/ s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
un
de
r r
ev
ie
w
. 
So
m
e 
of
 th
e 
ci
vi
l/ 
st
ru
ct
ur
al
 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
bu
t 
no
t r
ev
ie
w
ed
. 
 Th
e 
ci
vi
l /
 s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
pa
rti
al
ly
 d
ev
el
op
ed
. 
Th
e 
ci
vi
l /
 s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 h
av
e 
no
t 
be
en
 re
vi
ew
ed
. 
Th
e 
ci
vi
l/s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
 
w
or
k 
ha
s 
st
ar
te
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
e 
ci
vi
l /
 s
tru
ct
ur
al
 
re
qu
ire
m
en
ts
. 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Ex
is
tin
g 
st
ru
ct
ur
al
 c
on
di
tio
ns
 (e
.g
., 
fo
un
da
tio
ns
, b
ui
ld
in
g 
fra
m
in
g,
 
pi
pe
 ra
ck
s,
 h
ar
m
on
ic
s/
vi
br
at
io
ns
, e
tc
.) 
 
¨
Po
te
nt
ia
l e
ffe
ct
 o
f n
oi
se
, v
ib
ra
tio
n 
an
d 
re
st
ric
te
d 
he
ad
ro
om
 in
 
in
st
al
la
tio
n 
of
 p
ilin
g 
an
d 
on
 e
xi
st
in
g 
op
er
at
io
ns
 
¨
U
nd
er
gr
ou
nd
 in
te
rfe
re
nc
e 
(u
til
iz
e 
sh
al
lo
w
 d
ep
th
 d
es
ig
ns
) 
Al
l o
f i
te
m
s 
re
la
te
d 
to
 R
&R
 
(e
xi
st
in
g 
st
ru
ct
ur
al
 
co
nd
iti
on
s,
 e
ffe
ct
s 
of
 n
oi
se
, 
vi
br
at
io
n,
 re
st
ric
te
d 
he
ad
ro
om
 a
nd
 
un
de
rg
ro
un
d 
in
te
rfe
re
nc
e)
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t o
f i
te
m
s 
re
la
te
d 
to
 
R
&R
 (e
xi
st
in
g 
st
ru
ct
ur
al
 
co
nd
iti
on
s,
 e
ffe
ct
s 
of
 
no
is
e,
 v
ib
ra
tio
n,
 re
st
ric
te
d 
he
ad
ro
om
 a
nd
 
un
de
rg
ro
un
d 
in
te
rfe
re
nc
e)
 h
av
e 
be
en
 
do
cu
m
en
te
d,
 b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
Fe
w
 o
f i
te
m
s 
re
la
te
d 
to
 
R
&R
 (e
xi
st
in
g 
st
ru
ct
ur
al
 
co
nd
iti
on
s,
 e
ffe
ct
s 
of
 
no
is
e,
 v
ib
ra
tio
n,
 re
st
ric
te
d 
he
ad
ro
om
 a
nd
 
un
de
rg
ro
un
d 
in
te
rfe
re
nc
e)
 h
av
e 
be
en
 
de
ve
lo
pe
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
ite
m
s 
re
la
te
d 
to
 R
&R
. 
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0 
1 
2 
3 
4 
5 
I2
. A
rc
hi
te
ct
ur
al
 R
eq
ui
re
m
en
ts
 
Th
e 
fo
llo
w
in
g 
ch
ec
kl
is
t s
ho
ul
d 
be
 u
se
d 
in
 d
ef
in
in
g 
bu
ild
in
g 
re
qu
ire
m
en
ts
: 
¨
Bu
ild
in
g 
us
e 
(e
.g
., 
ac
tiv
iti
es
, f
un
ct
io
ns
) 
¨
Sp
ac
e 
us
e 
pr
og
ra
m
in
g 
in
di
ca
tin
g 
sp
ac
e 
ty
pe
s,
 a
re
as
 re
qu
ire
d,
 a
nd
 th
e 
fu
nc
tio
na
l r
el
at
io
ns
hi
ps
 b
et
w
ee
n 
sp
ac
es
 a
nd
 n
um
be
r o
f o
cc
up
an
ts
 
¨
Se
rv
ic
e,
 s
to
ra
ge
, a
nd
 p
ar
ki
ng
 re
qu
ire
m
en
ts
 
¨
Sp
ec
ia
l e
qu
ip
m
en
t r
eq
ui
re
m
en
ts
 
¨
R
eq
ui
re
m
en
ts
 fo
r b
ui
ld
in
g 
lo
ca
tio
n/
or
ie
nt
at
io
n 
¨
N
at
ur
e/
ch
ar
ac
te
r o
f b
ui
ld
in
g 
de
si
gn
 (e
.g
., 
ae
st
he
tic
s,
 c
rim
e 
pr
ev
en
tio
n 
th
ro
ug
h 
en
vi
ro
nm
en
ta
l d
es
ig
n 
(C
PT
ED
))
 
¨
C
on
st
ru
ct
io
n 
m
at
er
ia
ls
 
¨
En
vi
ro
nm
en
ta
lly
 s
us
ta
in
ab
le
 d
es
ig
n 
¨
In
te
rio
r f
in
is
he
s 
¨
Fi
re
 re
si
st
an
t r
eq
ui
re
m
en
ts
 
¨
“S
af
e 
H
av
en
” r
eq
ui
re
m
en
ts
 
¨
Ac
ou
st
ic
al
 c
on
si
de
ra
tio
ns
 
¨
Sa
fe
ty
, v
ul
ne
ra
bi
lit
y 
as
se
ss
m
en
t, 
an
d 
m
ai
nt
en
an
ce
 re
qu
ire
m
en
ts
 
¨
Fi
re
 d
et
ec
tio
n 
an
d/
or
 s
up
pr
es
si
on
 re
qu
ire
m
en
ts
 
¨
U
til
ity
 re
qu
ire
m
en
ts
 (i
.e
., 
so
ur
ce
s 
an
d 
tie
-in
 lo
ca
tio
ns
) 
¨
H
VA
C
 re
qu
ire
m
en
ts
 
¨
El
ec
tri
ca
l r
eq
ui
re
m
en
ts
 
¨
Po
w
er
 s
ou
rc
es
 w
ith
 a
va
ila
bl
e 
vo
lta
ge
 &
 a
m
pe
ra
ge
 
¨
Sp
ec
ia
l l
ig
ht
in
g 
co
ns
id
er
at
io
ns
 
¨
Vo
ic
e 
an
d 
da
ta
 c
om
m
un
ic
at
io
ns
 re
qu
ire
m
en
ts
 
¨
U
ni
nt
er
ru
pt
ib
le
 p
ow
er
 s
ou
rc
e 
(U
PS
) a
nd
/o
r e
m
er
ge
nc
y 
po
w
er
 re
qu
ire
m
en
ts
 
¨
O
ut
do
or
 d
es
ig
n 
co
nd
iti
on
s 
(e
.g
., 
m
in
im
um
 a
nd
 m
ax
im
um
 y
ea
rly
 te
m
pe
ra
tu
re
s)
 
¨
In
do
or
 d
es
ig
n 
co
nd
iti
on
s 
(e
.g
., 
te
m
pe
ra
tu
re
, h
um
id
ity
, p
re
ss
ur
e,
 a
ir 
qu
al
ity
) 
¨
Sp
ec
ia
l o
ut
do
or
 c
on
di
tio
ns
 
¨
Sp
ec
ia
l v
en
til
at
io
n 
or
 e
xh
au
st
 re
qu
ire
m
en
ts
 
¨
Eq
ui
pm
en
t/s
pa
ce
 s
pe
ci
al
 re
qu
ire
m
en
ts
 w
ith
 re
sp
ec
t t
o 
en
vi
ro
nm
en
ta
l 
co
nd
iti
on
s 
(e
.g
., 
ai
r q
ua
lit
y,
 s
pe
ci
al
 te
m
pe
ra
tu
re
s)
 
¨
Pe
rs
on
ne
l a
cc
es
si
bi
lit
y 
st
an
da
rd
s 
(e
.g
., 
in
 th
e 
U
.S
., 
Am
er
ic
an
 w
ith
 D
is
ab
ilit
ie
s 
Ac
t r
eq
ui
re
m
en
ts
) 
¨
O
th
er
 
C
om
m
en
ts
 o
n 
Is
su
es
:  
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t, 
al
on
g 
w
ith
 s
ite
 d
ev
el
op
m
en
t r
eq
ui
re
m
en
ts
, a
re
 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 a
re
 
ne
ar
ly
 c
om
pl
et
el
y 
de
fin
ed
 (w
ith
 fe
w
 
ex
ce
pt
io
ns
) a
nd
 
do
cu
m
en
te
d 
in
cl
us
iv
e 
of
 
sp
ec
ifi
ca
tio
ns
.  
Th
es
e 
do
cu
m
en
ts
 
ha
ve
 b
ee
n 
is
su
ed
 
fo
r d
es
ig
n 
(IF
D
) 
an
d 
ha
ve
 b
ee
n 
ap
pr
ov
ed
 b
y 
cl
ie
nt
 / 
st
ak
eh
ol
de
r. 
 A
 
de
ta
ile
d 
sc
op
e 
of
 
w
or
k 
ha
s 
be
en
 
is
su
ed
 a
nd
 
co
nt
ai
ns
 th
e 
de
fin
iti
on
 o
f t
he
 
re
qu
ire
m
en
ts
. 
Fo
r s
om
e 
in
du
st
ria
l 
pr
oj
ec
ts
, 
co
m
pl
et
in
g 
th
e 
in
iti
al
 3
D
 m
od
el
s 
is
 
an
 a
cc
ep
ta
bl
e 
su
bs
tit
ut
e 
fo
r 
pr
od
uc
tio
n 
of
 
de
si
gn
 d
ra
w
in
gs
.  
 
 
M
os
t o
f t
he
 
ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 
ap
pr
ov
ed
. 
St
ak
eh
ol
de
rs
 
ha
ve
 re
vi
ew
ed
 
an
d 
co
m
m
en
te
d 
on
 d
ra
ft 
do
cu
m
en
ts
. 
 M
os
t a
rc
hi
te
ct
ur
al
 
re
qu
ire
m
en
ts
 
sc
op
e 
ha
s 
be
en
 
de
fin
ed
 a
nd
 a
ll 
en
gi
ne
er
in
g 
do
cu
m
en
ts
 to
 b
e 
pr
ep
ar
ed
 a
nd
 
is
su
ed
 h
av
e 
be
en
 
de
ve
lo
pe
d.
 
D
el
iv
er
ab
le
s 
in
cl
ud
in
g 
sc
op
e 
of
 
w
or
k 
an
d 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 is
su
ed
 fo
r 
re
vi
ew
 (I
FR
). 
 
 Po
rti
on
s 
of
 th
e 
re
qu
ire
d 
do
cu
m
en
ts
 h
av
e 
no
t y
et
 b
ee
n 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
So
m
e 
of
 th
e 
ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
. 
 Ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
a 
dr
af
t s
co
pe
 o
f 
w
or
k 
do
cu
m
en
t 
ha
s 
be
en
 
pr
ep
ar
ed
. 
Ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
ts
 w
or
k 
ha
s 
st
ar
te
d.
 
 W
or
k 
on
 th
e 
ar
ch
ite
ct
ur
al
 
re
qu
ire
m
en
t
s 
de
si
gn
 
do
cu
m
en
ts
 
ha
s 
co
m
m
en
ce
d.
  
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 
be
en
 
ex
pe
nd
ed
 
on
 th
is
 
el
em
en
t. 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
C
on
si
de
r h
ow
 re
no
va
tio
n 
pr
oj
ec
t a
lte
rs
 e
xi
st
in
g 
ar
ch
ite
ct
ur
al
 d
es
ig
n 
as
su
m
pt
io
ns
 
¨
Po
te
nt
ia
l r
eu
se
 o
f e
xi
st
in
g 
eq
ui
pm
en
t, 
fix
tu
re
s,
 m
at
er
ia
ls
 a
nd
 s
ys
te
m
s 
fo
r 
re
no
va
tio
n 
pr
oj
ec
t 
¨
Tr
an
si
tio
n 
pl
an
/ s
w
in
g 
sp
ac
e 
fo
r p
eo
pl
e,
 m
at
er
ia
ls
 a
nd
 p
ro
ce
ss
es
 
Al
l o
f i
te
m
s 
re
la
te
d 
to
 R
&R
 h
av
e 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t o
f i
te
m
s 
re
la
te
d 
to
 R
&R
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d,
 b
ut
 
no
t y
et
 a
pp
ro
ve
d.
 
Fe
w
 o
f i
te
m
s 
re
la
te
d 
to
 R
&R
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 
be
en
 
ex
pe
nd
ed
 
on
 it
em
s 
re
la
te
d 
to
 
R
&R
. 
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T 
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  I
NF
RA
ST
RU
CT
UR
E 
0 
1 
2 
3 
4 
5 
J1
. W
at
er
 T
re
at
m
en
t 
Re
qu
ire
m
en
ts
  
 W
at
er
 tr
ea
tm
en
t r
eq
ui
re
m
en
ts
 
sh
ou
ld
 b
e 
do
cu
m
en
te
d.
 It
em
s 
fo
r c
on
si
de
ra
tio
n 
sh
ou
ld
 
in
cl
ud
e:
  
¨
W
as
te
 w
at
er
 tr
ea
tm
en
t: 
o
Pr
oc
es
s 
w
as
te
 
o
Sa
ni
ta
ry
 w
as
te
 
¨
W
as
te
 d
is
po
sa
l 
¨
St
or
m
 w
at
er
 c
on
ta
in
m
en
t 
an
d 
tre
at
m
en
t 
¨
O
th
er
  
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
O
th
er
 it
em
s 
ty
pi
ca
lly
 in
cl
ud
e:
 
ta
nk
s 
fo
r t
he
 w
at
er
 s
to
ra
ge
 
si
ze
d 
an
d 
lo
ca
te
d 
at
 th
e 
pl
ot
 
pl
an
, r
aw
 w
at
er
 te
ch
ni
ca
l 
ch
ar
ac
te
ris
tic
s 
av
ai
la
bl
e 
fo
r 
th
e 
ad
eq
ua
te
 w
at
er
 tr
ea
tm
en
t 
of
 c
ho
ic
e.
 T
hi
s 
el
em
en
t 
ty
pi
ca
lly
 a
ls
o 
co
ns
id
er
s 
ot
he
r 
w
as
te
 ty
pe
s 
su
ch
 a
s 
ai
r, 
fin
e 
pa
rti
cl
es
, c
on
st
ru
ct
io
n 
w
as
te
, 
et
c.
 
Not required for project. 
Al
l w
at
er
 tr
ea
tm
en
t 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 A 
co
m
pl
et
e 
w
at
er
 
m
an
ag
em
en
t a
nd
 
w
as
te
w
at
er
 tr
ea
tm
en
t 
de
si
gn
 b
as
is
 h
as
 b
ee
n 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 in
cl
ud
in
g 
th
e 
de
fin
iti
on
 o
f r
aw
 
w
at
er
 s
up
pl
y 
so
ur
ce
 
an
d 
qu
al
ity
, i
nt
er
na
l 
w
at
er
 q
ua
lit
y 
re
qu
ire
m
en
ts
, w
as
te
 
w
at
er
 d
is
po
sa
l l
oc
at
io
ns
 
an
d 
qu
al
ity
 
re
qu
ire
m
en
ts
, i
nt
er
na
l 
w
at
er
 tr
ea
tin
g 
pr
oc
es
se
s 
re
qu
ire
d,
 
st
or
m
 w
at
er
 
m
an
ag
em
en
t, 
an
d 
ov
er
al
l w
at
er
 b
al
an
ce
s 
in
cl
ud
in
g 
no
rm
al
/m
ax
im
um
 fl
ow
s 
an
d 
av
er
ag
e/
m
ax
im
um
 
co
nc
en
tra
tio
ns
 o
f 
co
nt
am
in
an
ts
. 
M
os
t o
f t
he
 w
at
er
 
tr
ea
tm
en
t 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
oc
um
en
te
d.
 
St
ak
eh
ol
de
rs
 h
av
e 
re
vi
ew
ed
 a
nd
 
co
m
m
en
te
d 
on
 d
ra
ft 
do
cu
m
en
ts
. 
 M
os
t w
at
er
 tr
ea
tm
en
t 
fa
ci
lit
ie
s 
ha
ve
 b
ee
n 
de
fin
ed
 a
nd
 
do
cu
m
en
te
d.
 O
ve
ra
ll 
ba
la
nc
es
 a
nd
 s
ys
te
m
 
hy
dr
au
lic
s 
ar
e 
co
m
pl
et
e,
 w
ith
 o
nl
y 
m
in
or
 a
dj
us
tm
en
ts
 
an
tic
ip
at
ed
. 
 Th
e 
w
at
er
 
m
an
ag
em
en
t a
nd
 
w
as
te
 w
at
er
 
tre
at
m
en
t d
es
ig
n 
ba
si
s 
is
 u
nd
er
 re
vi
ew
; 
ho
w
ev
er
, t
he
 d
es
ig
n 
ba
si
s 
ha
s 
no
t b
ee
n 
ap
pr
ov
ed
. 
 
So
m
e 
w
at
er
 
tr
ea
tm
en
t 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
 a
nd
 
th
e 
sy
st
em
 
co
nf
ig
ur
at
io
n 
is
 b
ei
ng
 
de
ve
lo
pe
d.
 
 A 
dr
af
t w
at
er
 
m
an
ag
em
en
t 
an
d 
w
as
te
 w
at
er
 
tre
at
m
en
t 
de
si
gn
 b
as
is
 
ha
s 
be
en
 
co
m
pl
et
ed
. 
Pr
el
im
in
ar
y 
w
at
er
 b
al
an
ce
s 
ha
ve
 b
ee
n 
co
m
pl
et
ed
 a
nd
 
pr
el
im
in
ar
y 
de
fin
iti
on
 o
f t
he
 
sc
op
e 
of
 
fa
ci
lit
ie
s 
ha
s 
be
en
 d
ra
fte
d.
 
W
at
er
 
tr
ea
tm
en
t 
re
qu
ire
m
en
ts
 
ar
e 
be
in
g 
id
en
tif
ie
d.
 
 W
or
k 
(e
.g
., 
ra
w
 
w
at
er
 a
va
ila
bi
lit
y 
an
d 
qu
al
ity
, 
ba
si
s 
ra
in
fa
ll 
vo
lu
m
e 
fo
r s
to
rm
 
w
at
er
 
m
an
ag
em
en
t, 
ov
er
al
l w
as
te
 
w
at
er
 d
is
po
sa
l 
re
qu
ire
m
en
ts
) 
ha
s 
be
en
 
st
ar
te
d.
 A
 b
lo
ck
 
co
nc
ep
t f
or
 
tre
at
m
en
t 
fa
ci
lit
ie
s 
is
 b
ei
ng
 
in
ve
st
ig
at
ed
. 
Not yet started. 
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8.
5 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
J.
IN
FR
A
ST
R
U
C
TU
R
E 
0 
1 
2 
3 
4 
5 
J2
. L
oa
di
ng
/U
nl
oa
di
ng
/S
to
ra
ge
 F
ac
ili
tie
s 
R
eq
ui
re
m
en
ts
 
 A 
lis
t o
f r
eq
ui
re
m
en
ts
 id
en
tif
yi
ng
 ra
w
 m
at
er
ia
ls
 to
 b
e 
un
lo
ad
ed
 a
nd
 s
to
re
d,
 p
ro
du
ct
s 
to
 b
e 
lo
ad
ed
 a
lo
ng
 w
ith
 
th
ei
r s
pe
ci
fic
at
io
ns
, a
nd
 M
at
er
ia
l S
af
et
y 
D
at
a 
Sh
ee
ts
. 
Th
is
 li
st
 s
ho
ul
d 
in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
  
 ¨
In
st
an
ta
ne
ou
s 
an
d 
ov
er
al
l l
oa
di
ng
/u
nl
oa
di
ng
 ra
te
s 
¨
D
et
ai
ls
 o
n 
su
pp
ly
 a
nd
/o
r r
ec
ei
pt
 o
f c
on
ta
in
er
s 
an
d 
ve
ss
el
s 
¨
St
or
ag
e 
fa
ci
lit
ie
s 
to
 b
e 
pr
ov
id
ed
 a
nd
/o
r u
til
iz
ed
 
¨
Sp
ec
ifi
ca
tio
n 
of
 a
ny
 re
qu
ire
d 
sp
ec
ia
l i
so
la
tio
n 
pr
ov
is
io
ns
: 
o
D
ou
bl
e 
w
al
l d
ik
in
g 
an
d 
dr
ai
na
ge
 
o
Em
er
ge
nc
y 
de
te
ct
io
n 
(e
.g
., 
hy
dr
oc
ar
bo
n 
de
te
ct
or
s/
al
ar
m
s)
  
o
Le
ak
 d
et
ec
tio
n 
de
vi
ce
s 
or
 a
la
rm
s 
 
¨
Es
se
nt
ia
l s
ec
ur
ity
 c
on
si
de
ra
tio
ns
 s
ho
ul
d 
in
cl
ud
e:
 
o
In
sp
ec
tio
n 
re
qu
ire
m
en
ts
 
o
Se
cu
re
 s
to
ra
ge
 
o
Au
th
or
iz
ed
 d
el
iv
er
ie
s 
o
Ac
ce
ss
/e
gr
es
s 
co
nt
ro
l 
¨
O
th
er
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
S
af
et
y 
re
qu
ire
m
en
ts
 d
ur
in
g 
lo
ad
in
g 
an
d 
un
lo
ad
in
g 
op
er
at
io
ns
 a
re
 d
ef
in
ed
. C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t u
s 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Th
e 
lo
ad
in
g 
/ 
un
lo
ad
in
g 
/ s
to
ra
ge
 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
 a
nd
 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
lo
ad
in
g 
/ 
un
lo
ad
in
g 
/ s
to
ra
ge
 
re
qu
ire
m
en
ts
 a
re
 
co
m
pl
et
el
y 
de
fin
ed
 
an
d 
do
cu
m
en
te
d 
in
cl
us
iv
e 
of
 
sp
ec
ifi
ca
tio
ns
. T
he
se
 
do
cu
m
en
ts
 h
av
e 
be
en
 
is
su
ed
 fo
r d
es
ig
n 
(IF
D
) a
nd
 h
av
e 
be
en
 
ap
pr
ov
ed
 b
y 
th
e 
cl
ie
nt
 
/ s
ta
ke
ho
ld
er
. A
 
de
ta
ile
d 
sc
op
e 
of
 
w
or
k 
ha
s 
be
en
 is
su
ed
 
an
d 
co
nt
ai
ns
 th
e 
de
fin
iti
on
 fo
r t
he
 
lo
ad
in
g 
/ u
nl
oa
di
ng
 / 
st
or
ag
e 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
. 
M
os
t o
f t
he
 lo
ad
in
g 
/ u
nl
oa
di
ng
 / 
st
or
ag
e 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
, 
do
cu
m
en
te
d,
 a
nd
 
ar
e 
un
de
r r
ev
ie
w
, 
bu
t n
ot
 y
et
 
ap
pr
ov
ed
. 
 M
os
t l
oa
di
ng
 / 
un
lo
ad
in
g 
/ s
to
ra
ge
 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 s
co
pe
 
ha
s 
be
en
 d
ef
in
ed
 
an
d 
al
l e
ng
in
ee
rin
g 
do
cu
m
en
ts
 to
 b
e 
pr
ep
ar
ed
 a
nd
 is
su
ed
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 
D
el
iv
er
ab
le
s 
in
cl
ud
in
g 
sc
op
e 
of
 
w
or
k 
an
d 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 is
su
ed
 fo
r 
re
vi
ew
 (I
FR
). 
So
m
e 
of
 th
e 
lo
ad
in
g 
/ u
nl
oa
di
ng
 
/ s
to
ra
ge
 fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
. 
 Th
e 
lo
ad
in
g 
/ 
un
lo
ad
in
g 
/ s
to
ra
ge
 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d 
an
d 
a 
dr
af
t s
co
pe
 o
f w
or
k 
do
cu
m
en
t h
as
 b
ee
n 
pr
ep
ar
ed
. 
Lo
ad
in
g 
/ 
un
lo
ad
in
g 
/ 
st
or
ag
e 
fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 
w
or
k 
ha
s 
st
ar
te
d.
 
 W
or
k 
on
 th
e 
lo
ad
in
g 
/ u
nl
oa
di
ng
 
/ s
to
ra
ge
 fa
ci
lit
ie
s 
re
qu
ire
m
en
ts
 
de
si
gn
 d
oc
um
en
ts
 
ha
s 
co
m
m
en
ce
d.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
el
em
en
t. 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
&
 R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
Av
ai
la
bi
lit
y 
an
d 
ac
ce
ss
 to
 s
ec
ur
e 
st
or
ag
e 
fo
r 
m
at
er
ia
ls
, l
ay
do
w
n 
ya
rd
s,
 e
tc
. f
or
 R
&R
 p
ro
je
ct
s.
 
Av
ai
la
bi
lit
y 
an
d 
ac
ce
ss
 to
 s
ec
ur
e 
st
or
ag
e 
fo
r m
at
er
ia
ls
, 
la
yd
ow
n 
ya
rd
s,
 e
tc
. i
s 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. 
Av
ai
la
bi
lit
y 
an
d 
ac
ce
ss
 to
 s
ec
ur
e 
st
or
ag
e 
fo
r 
m
at
er
ia
ls
, l
ay
do
w
n 
ya
rd
s,
 e
tc
. i
s 
id
en
tif
ie
d,
 b
ut
 n
ot
 
ap
pr
ov
ed
. 
Av
ai
la
bi
lit
y 
an
d 
ac
ce
ss
 to
 s
ec
ur
e 
st
or
ag
e 
fo
r 
m
at
er
ia
ls
, l
ay
do
w
n 
ya
rd
s,
 e
tc
. i
s 
be
in
g 
id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
av
ai
la
bi
lit
y 
an
d 
ac
ce
ss
 to
 s
ec
ur
e 
st
or
ag
e 
fo
r 
m
at
er
ia
ls
, l
ay
do
w
n 
ya
rd
s,
 e
tc
. 
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N/
A 
BE
ST
 
  
M
ED
IU
M
 
 W
O
RS
T 
J.
IN
FR
AS
TR
UC
TU
RE
 
0 
1 
2 
3 
4 
5 
J3
. T
ra
ns
po
rta
tio
n 
Re
qu
ire
m
en
ts
  
 Sp
ec
ifi
ca
tio
ns
 id
en
tif
yi
ng
 im
pl
em
en
ta
tio
n 
of
 
“in
-p
la
nt
” t
ra
ns
po
rta
tio
n 
(e
.g
., 
ro
ad
w
ay
s,
 
co
nc
re
te
, a
sp
ha
lt,
 ro
ck
) a
s 
w
el
l a
s 
m
et
ho
ds
 
fo
r r
ec
ei
vi
ng
/s
hi
pp
in
g/
st
or
ag
e 
of
 m
at
er
ia
ls
 
(e
.g
., 
ra
il,
 tr
uc
k,
 m
ar
in
e)
 s
ho
ul
d 
be
 
do
cu
m
en
te
d.
 S
pe
ci
fic
al
ly
 lo
ok
 a
t d
et
ai
le
d 
tra
ffi
c/
ro
ut
in
g 
pl
an
 fo
r o
ve
rs
iz
e 
lo
ad
s.
 
 C
om
m
en
ts
 o
n 
Is
su
es
: 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t i
s 
ty
pi
ca
lly
 ta
ke
n 
in
to
 a
cc
ou
nt
 w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 
el
em
en
t. 
Not required for project. 
Tr
an
sp
or
ta
tio
n 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
tra
ns
po
rta
tio
n 
re
qu
ire
m
en
ts
 s
co
pe
 o
f 
w
or
k 
ha
s 
be
en
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. A
 lo
gi
st
ic
s 
pl
an
 h
as
 b
ee
n 
co
m
pl
et
ed
 (e
.g
., 
ro
ad
, 
ra
il,
 a
ir 
or
 m
ar
iti
m
e 
ac
ce
ss
, r
ec
ei
vi
ng
, 
te
m
po
ra
ry
 s
to
ra
ge
, 
he
av
y 
ha
ul
 
tra
ns
po
rta
tio
n 
ro
ut
es
, 
an
d 
w
ea
th
er
 
re
st
ric
tio
ns
). 
 
M
os
t 
tr
an
sp
or
ta
tio
n 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d,
 b
ut
 
no
t y
et
 
ap
pr
ov
ed
. 
 Th
e 
tra
ns
po
rta
tio
n 
re
qu
ire
m
en
ts
 
sc
op
e 
of
 w
or
k 
ha
s 
be
en
 c
om
pl
et
ed
 
bu
t n
ot
 fi
na
liz
ed
 
an
d 
ag
re
ed
 u
po
n 
by
 a
ll 
pa
rti
es
. 
Ke
y 
st
ak
eh
ol
de
rs
 
ha
ve
 re
vi
ew
ed
 
an
d 
pr
ov
id
ed
 
co
m
m
en
ts
. 
So
m
e 
tr
an
sp
or
ta
tio
n 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
. 
 Th
e 
tra
ns
po
rta
tio
n 
re
qu
ire
m
en
ts
 
sc
op
e 
of
 w
or
k 
ha
s 
be
en
 d
ra
fte
d 
bu
t 
ha
s 
a 
nu
m
be
r o
f 
op
en
 it
em
s.
 
Tr
an
sp
or
ta
tio
n 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
w
or
k 
ha
s 
st
ar
te
d.
 
 Th
e 
tra
ns
po
rta
tio
n 
re
qu
ire
m
en
ts
 
sc
op
e 
of
 w
or
k 
ha
s 
be
en
 
id
en
tif
ie
d.
 T
he
 
lo
gi
st
ic
s 
pl
an
 
m
ay
 h
av
e 
be
en
 
in
iti
at
ed
 b
ut
 
po
te
nt
ia
l 
ob
st
ac
le
s 
an
d 
is
su
es
 h
av
e 
no
t 
be
en
 
ad
dr
es
se
d.
 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r f
or
 R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
C
oo
rd
in
at
e 
eq
ui
pm
en
t a
nd
 m
at
er
ia
l 
m
ov
em
en
t f
or
 re
no
va
tio
n 
w
or
k 
w
ith
 
O
pe
ra
tio
ns
 to
 e
ns
ur
e 
no
 u
np
la
nn
ed
 
im
pa
ct
s 
¨
C
le
ar
ly
 id
en
tif
y 
de
liv
er
y 
ga
te
s/
do
ck
s/
do
or
s 
an
d 
re
ce
iv
in
g 
ho
ur
s 
to
 b
e 
us
ed
 b
y 
co
nt
ra
ct
or
s 
fo
r R
&R
 
w
or
k.
 
Ite
m
s 
re
la
te
d 
to
 
co
or
di
na
tio
n 
w
ith
 
op
er
at
io
ns
 a
nd
 
m
at
er
ia
l d
el
iv
er
y 
ha
ve
 
be
en
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
M
os
t i
te
m
s 
re
la
te
d 
to
 c
oo
rd
in
at
io
n 
w
ith
 o
pe
ra
tio
ns
 
an
d 
m
at
er
ia
l 
de
liv
er
y 
ha
ve
 
be
en
 d
oc
um
en
te
d,
 
bu
t n
ot
 y
et
 
ap
pr
ov
ed
. 
So
m
e 
ite
m
s 
re
la
te
d 
to
 
co
or
di
na
tio
n 
w
ith
 
op
er
at
io
ns
 a
nd
 
m
at
er
ia
l d
el
iv
er
y 
ha
s 
be
en
 
id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
ite
m
s 
re
la
te
d 
to
 
co
or
di
na
tio
n 
w
ith
 o
pe
ra
tio
ns
 
an
d 
m
at
er
ia
l 
de
liv
er
y.
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O
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K.
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M
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T 
& 
EL
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IC
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0 
1 
2 
3 
4 
5 
K1
. C
on
tr
ol
 P
hi
lo
so
ph
y 
 
 Th
e 
co
nt
ro
l p
hi
lo
so
ph
y 
de
sc
rib
es
 th
e 
ge
ne
ra
l n
at
ur
e 
of
 th
e 
pr
oc
es
s 
an
d 
id
en
tif
ie
s 
ov
er
al
l c
on
tro
l s
ys
te
m
s 
ha
rd
w
ar
e,
 
so
ftw
ar
e,
 s
im
ul
at
io
n,
 a
nd
 te
st
in
g 
re
qu
ire
m
en
ts
. I
t s
ho
ul
d 
ou
tli
ne
 it
em
s 
su
ch
 a
s:
 
 ¨
C
on
tin
uo
us
 
¨
Ba
tc
h 
¨
R
ed
un
da
nc
y 
re
qu
ire
m
en
ts
 
¨
C
la
ss
ifi
ca
tio
n 
of
 in
te
rlo
ck
s 
(e
.g
., 
pr
oc
es
s,
 s
af
et
y)
 
¨
So
ftw
ar
e 
fu
nc
tio
na
l d
es
cr
ip
tio
ns
 
¨
M
an
ua
l o
r a
ut
om
at
ic
 c
on
tro
ls
 
¨
Al
ar
m
 c
on
di
tio
ns
 
¨
O
n/
of
f c
on
tro
ls
 
¨
Bl
oc
k 
di
ag
ra
m
s 
¨
Em
er
ge
nc
y 
sh
ut
 d
ow
n 
¨
C
on
tro
ls
 s
ta
rtu
p 
¨
O
th
er
 
 Co
m
m
en
ts
 o
n 
Is
su
es
: 
Th
e 
co
nt
ro
l p
hi
lo
so
ph
y 
de
sc
rib
es
 th
e 
ge
ne
ra
l n
at
ur
e 
of
 th
e 
pr
oc
es
s 
as
 d
es
cr
ib
ed
 a
bo
ve
 a
nd
 s
ho
ul
d 
be
 d
oc
um
en
te
d 
in
 a
 fu
nc
tio
na
l 
sp
ec
ifi
ca
tio
n.
 T
hi
s 
is
 d
iff
er
en
t f
ro
m
 K
2 
Lo
gi
c 
D
ia
gr
am
s,
 in
 th
at
 K
1 
C
on
tro
l P
hi
lo
so
ph
y 
de
sc
rib
es
 th
e 
ge
ne
ra
l n
at
ur
e 
of
 th
e 
pr
oc
es
s,
 
w
hi
le
 K
2 
ac
tu
al
ly
 o
ut
lin
es
 a
nd
 d
oc
um
en
ts
 th
e 
fu
nc
tio
na
l d
es
cr
ip
tio
ns
 
of
 th
e 
in
st
ru
m
en
ts
 a
nd
 e
le
ct
ric
al
 s
ys
te
m
s.
 A
dd
iti
on
al
ly
, t
he
 
ne
ce
ss
ar
y 
nu
m
be
r o
f s
af
et
y 
op
er
at
or
s 
fro
m
 a
 s
af
et
y 
op
er
at
io
n 
po
in
t 
of
 v
ie
w
 h
as
 b
ee
n 
de
fin
ed
. M
or
eo
ve
r, 
pr
oj
ec
t t
ea
m
s 
m
ay
 c
om
pl
et
e 
a 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A
). 
If 
th
e 
pr
oj
ec
t t
ea
m
 c
an
no
t r
ea
ch
 a
 
ris
k 
de
ci
si
on
 fo
r a
 g
iv
en
 s
ce
na
rio
 a
dd
iti
on
al
 m
et
ho
ds
 m
ay
 b
e 
us
ed
 
su
ch
 a
s 
le
ve
l o
f p
ro
te
ct
io
n 
an
al
ys
is
 (L
O
P
A
) o
r h
az
ar
ds
 a
nd
 
op
er
ab
ili
ty
 a
na
ly
si
s 
(H
AZ
O
P
). 
Fu
rth
er
m
or
e,
 th
e 
m
ai
n 
sy
st
em
 b
ei
ng
 
en
gi
ne
er
ed
 h
er
e 
is
 th
e 
ba
si
c 
pr
oc
es
s 
co
nt
ro
l s
ys
te
m
 (B
P
C
S
) a
nd
 a
ll 
ot
he
r s
ys
te
m
s 
ar
e 
au
xi
lia
ry
 s
ys
te
m
s 
in
te
rfa
ci
ng
 w
ith
 th
e 
B
PC
S
. 
Not required for project. 
Co
nt
ro
l p
hi
lo
so
ph
y 
is
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Ba
ck
gr
ou
nd
 p
ro
ce
ss
 
de
sc
rip
tio
ns
 a
re
 fu
lly
 
de
sc
rib
ed
. A
ll 
si
m
pl
e 
an
d 
co
m
pl
ex
 c
on
tro
l 
lo
op
s,
 o
bj
ec
tiv
es
, 
st
ra
te
gi
es
, a
nd
 
fu
nc
tio
na
lit
ie
s 
ar
e 
fu
lly
 
de
sc
rib
ed
. 
 Al
l c
on
tro
l a
nd
 s
af
et
y 
fu
nc
tio
ns
 p
er
ta
in
in
g 
to
 
pa
ck
ag
e 
eq
ui
pm
en
t 
ar
e 
al
so
 in
cl
ud
ed
 
ba
se
d 
on
 e
qu
ip
m
en
t 
sp
ec
ifi
c 
to
 th
e 
pr
oj
ec
t. 
 
 
M
os
t c
on
tro
l 
ph
ilo
so
ph
y 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d.
  
 Ba
ck
gr
ou
nd
 p
ro
ce
ss
 
de
sc
rip
tio
ns
 a
re
 fu
lly
 
de
sc
rib
ed
. 
 M
os
t s
im
pl
e 
co
nt
ro
l 
lo
op
s,
 o
bj
ec
tiv
es
, 
st
ra
te
gi
es
, a
nd
 
fu
nc
tio
na
lit
ie
s 
ar
e 
fu
lly
 
de
sc
rib
ed
. M
os
t 
co
m
pl
ex
 fu
nc
tio
na
lit
ie
s 
ar
e 
id
en
tif
ie
d,
 if
 n
ot
 fu
lly
 
de
sc
rib
ed
. 
 C
on
tro
l a
nd
 s
af
et
y 
fu
nc
tio
ns
 p
er
ta
in
in
g 
to
 
pa
ck
ag
e 
eq
ui
pm
en
t a
re
 
al
so
 in
cl
ud
ed
 b
as
ed
 o
n 
eq
ui
pm
en
t s
pe
ci
fic
 to
 
th
e 
pr
oj
ec
t. 
So
m
e 
co
nt
ro
l 
ph
ilo
so
ph
y 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ev
el
op
ed
. 
 Ba
ck
gr
ou
nd
 p
ro
ce
ss
 
de
sc
rip
tio
ns
 a
re
 fu
lly
 
de
sc
rib
ed
. 
 So
m
e 
si
m
pl
e 
co
nt
ro
l 
lo
op
s,
 o
bj
ec
tiv
es
, 
st
ra
te
gi
es
, a
nd
 
fu
nc
tio
na
lit
ie
s 
ar
e 
fu
lly
 
de
sc
rib
ed
. A
ll 
co
m
pl
ex
 
fu
nc
tio
na
lit
ie
s 
ar
e 
id
en
tif
ie
d,
 b
ut
 n
ot
 
do
cu
m
en
te
d.
 
 C
on
tro
l a
nd
 s
af
et
y 
fu
nc
tio
ns
 p
er
ta
in
in
g 
to
 
pa
ck
ag
e 
eq
ui
pm
en
t a
re
 
no
t a
va
ila
bl
e 
or
 th
ey
 a
re
 
ba
se
d 
on
 g
en
er
ic
 
eq
ui
pm
en
t. 
 
 
Co
nt
ro
l 
ph
ilo
so
ph
y 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
st
ar
te
d.
   
 C
on
tro
l p
hi
lo
so
ph
y 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
th
is
 to
pi
c 
an
d 
lit
tle
 
or
 n
ot
hi
ng
 h
as
 
be
en
 d
oc
um
en
te
d.
 
Not yet started. 
**
Ad
di
tio
na
l 
ite
m
s 
to
 c
on
si
de
r 
fo
r 
R
en
ov
at
io
n 
&
 
R
ev
am
p 
pr
oj
ec
ts
**
 
¨
Ex
is
tin
g 
sp
ec
ifi
ca
tio
ns
, o
w
ne
r p
re
fe
re
nc
es
 a
nd
 
ag
re
em
en
ts
, a
nd
 c
om
pa
tib
ilit
y 
Ex
is
tin
g 
sp
ec
ifi
ca
tio
ns
, o
w
ne
r 
pr
ef
er
en
ce
s 
an
d 
ag
re
em
en
ts
, a
nd
 
co
m
pa
tib
ilit
y 
ha
ve
 
be
en
 d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
. 
M
os
t e
xi
st
in
g 
sp
ec
ifi
ca
tio
ns
, o
w
ne
r 
pr
ef
er
en
ce
s,
 
ag
re
em
en
ts
, a
nd
 
co
m
pa
tib
ilit
y 
ha
ve
 b
ee
n 
do
cu
m
en
te
d,
 b
ut
 n
ot
 
ye
t a
pp
ro
ve
d.
 
So
m
e 
ex
is
tin
g 
sp
ec
ifi
ca
tio
ns
, o
w
ne
r 
pr
ef
er
en
ce
s,
 
ag
re
em
en
ts
, a
nd
 
co
m
pa
tib
ilit
y 
ha
ve
 b
ee
n 
de
ve
lo
pe
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 
de
si
gn
 h
ou
rs
 h
av
e 
be
en
 e
xp
en
de
d 
on
 
ex
is
tin
g 
sp
ec
ifi
ca
tio
ns
, 
ow
ne
r p
re
fe
re
nc
es
 
an
d 
ag
re
em
en
ts
, 
an
d 
co
m
pa
tib
ilit
y.
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0 
1 
2 
3 
4 
5 
K2
. L
og
ic
 D
ia
gr
am
s 
 
Lo
gi
c 
di
ag
ra
m
s 
sh
ou
ld
 b
e 
de
ve
lo
pe
d 
an
d 
pr
ov
id
e 
a 
m
et
ho
d 
of
 d
ep
ic
tin
g 
in
te
rlo
ck
 
an
d 
se
qu
en
ci
ng
 s
ys
te
m
s 
fo
r t
he
 s
ta
rtu
p,
 
op
er
at
io
n,
 a
la
rm
, a
nd
 s
hu
td
ow
n 
of
 
eq
ui
pm
en
t a
nd
 p
ro
ce
ss
es
. 
C
om
m
en
ts
 o
n 
Is
su
es
: 
Lo
gi
c 
di
ag
ra
m
s 
ar
e 
m
ea
nt
 to
 o
ffe
r 
fu
nc
tio
na
l d
es
cr
ip
tio
ns
 a
nd
 c
on
tro
l 
na
rr
at
iv
es
 o
f t
he
 in
st
ru
m
en
ts
 a
nd
 
el
ec
tri
ca
l s
ys
te
m
s.
 
Not required for project. 
Th
e 
lo
gi
c 
di
ag
ra
m
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 u
po
n 
by
 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 Th
e 
lo
gi
c 
di
ag
ra
m
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
. 
 Al
l s
af
et
y 
in
st
ru
m
en
te
d 
fu
nc
tio
na
lit
ie
s 
(S
IF
’s
) 
ar
e 
fu
lly
 d
oc
um
en
te
d 
an
d 
ha
ve
 u
nd
er
go
ne
 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
 
 
M
os
t o
f t
he
 lo
gi
c 
di
ag
ra
m
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r r
ev
ie
w
, b
ut
 
no
t y
et
 a
pp
ro
ve
d.
  
 M
os
t l
og
ic
 d
ia
gr
am
s 
ar
e 
is
su
ed
 fo
r 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 (P
H
A)
 a
nd
 
re
vi
ew
. 
 Al
l S
IF
’s
 a
re
 fu
lly
 
de
sc
rib
ed
. 
 
So
m
e 
of
 th
e 
lo
gi
c 
di
ag
ra
m
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
w
ith
 
ho
ld
s 
fo
r 
de
fic
ie
nc
ie
s.
 
 So
m
e 
lo
gi
c 
di
ag
ra
m
s 
ha
ve
 
be
en
 fu
lly
 
do
cu
m
en
te
d;
 
ho
w
ev
er
, t
he
re
 
ar
e 
ho
ld
s 
fo
r 
de
fic
ie
nc
ie
s.
 
N
ot
hi
ng
 h
as
 b
ee
n 
is
su
ed
 fo
r r
ev
ie
w
. 
 Al
l S
IF
’s
 a
re
 
de
ve
lo
pe
d.
 
 
Th
e 
lo
gi
c 
di
ag
ra
m
s 
ha
ve
 b
ee
n 
id
en
tif
ie
d 
an
d 
so
m
e 
in
iti
al
 
th
ou
gh
ts
 h
av
e 
be
en
 a
pp
lie
d 
to
 
th
is
 e
ffo
rt.
  
 Lo
gi
c 
di
ag
ra
m
s 
ha
ve
 
be
en
 id
en
tif
ie
d.
 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
is
 
to
pi
c 
an
d 
lit
tle
 o
r 
no
th
in
g 
ha
s 
be
en
 
do
cu
m
en
te
d.
 
Not yet started. 
**
Ad
di
tio
na
l i
te
m
s 
to
 c
on
si
de
r f
or
 
R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
**
 
 ¨
Fi
el
d 
ve
rif
y 
lo
gi
c 
di
ag
ra
m
s 
to
 
en
su
re
 th
ey
 a
re
 c
or
re
ct
 a
nd
 h
as
 
be
en
 m
ai
nt
ai
ne
d 
to
 re
fle
ct
 th
e 
ac
tu
al
 o
r c
ur
re
nt
 o
pe
ra
tin
g 
sc
en
ar
io
s.
 
Fi
el
d 
ve
rif
ic
at
io
n 
of
 th
e 
lo
gi
c 
di
ag
ra
m
s 
to
 
en
su
re
 th
ey
 a
re
 c
or
re
ct
 
or
 h
av
e 
be
en
 
m
ai
nt
ai
ne
d 
to
 re
fle
ct
 
th
e 
ac
tu
al
 o
r c
ur
re
nt
 
op
er
at
in
g 
sc
en
ar
io
s 
ha
s 
be
en
 d
oc
um
en
t 
an
d 
ap
pr
ov
ed
. 
Fi
el
d 
ve
rif
ic
at
io
n 
ha
s 
be
en
 c
om
pl
et
ed
 fo
r 
m
os
t o
f t
he
 lo
gi
c 
di
ag
ra
m
s 
an
d 
ha
s 
be
en
 d
oc
um
en
te
d,
 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
Fi
el
d 
ve
rif
ic
at
io
n 
ha
s 
be
en
 
co
m
pl
et
ed
 fo
r 
so
m
e 
of
 th
e 
lo
gi
c 
di
ag
ra
m
s 
an
d 
ha
s 
be
en
 d
oc
um
en
te
d,
 
bu
t n
ot
hi
ng
 h
as
 
be
en
 is
su
ed
 fo
r 
ap
pr
ov
al
. 
Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
th
e 
fie
ld
 v
er
ifi
ca
tio
n 
of
 
th
e 
lo
gi
c 
di
ag
ra
m
s.
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0 
1 
2 
3 
4 
5 
K3
. E
le
ct
ric
al
 A
re
a 
Cl
as
si
fic
at
io
ns
  
 Th
e 
el
ec
tri
ca
l a
re
a 
cl
as
si
fic
at
io
n 
pl
ot
 p
la
n 
is
 
pr
ov
id
ed
 to
 s
ho
w
 th
e 
en
vi
ro
nm
en
t i
n 
w
hi
ch
 
el
ec
tri
ca
l a
nd
 in
st
ru
m
en
t 
eq
ui
pm
en
t i
s 
to
 b
e 
in
st
al
le
d.
  
Th
is
 a
re
a 
cl
as
si
fic
at
io
n 
w
ill 
fo
llo
w
 th
e 
gu
id
el
in
es
 a
s 
se
t 
fo
rth
 in
 th
e 
la
te
st
 c
od
e 
re
qu
ire
m
en
ts
 (f
or
 e
xa
m
pl
e,
 
th
e 
N
at
io
na
l E
le
ct
ric
 C
od
e 
in
 
th
e 
U
.S
.).
 In
st
al
la
tio
n 
lo
ca
tio
ns
 
sh
ou
ld
 in
cl
ud
e 
th
e 
fo
llo
w
in
g:
 
 ¨
G
en
er
al
 p
ur
po
se
 
¨
H
az
ar
do
us
 
¨
C
la
ss
 I:
 G
as
se
s 
an
d 
va
po
rs
 
¨
C
la
ss
 II
: C
om
bu
st
ib
le
 
du
st
s 
¨
C
la
ss
 II
I: 
Ea
si
ly
 
ig
ni
ta
bl
e 
fib
er
s 
¨
C
or
ro
si
ve
 lo
ca
tio
ns
 
¨
O
th
er
 
 
Not required for project. 
El
ec
tri
ca
l a
re
a 
cl
as
si
fic
at
io
ns
 
ha
ve
 b
ee
n 
ap
pr
ov
ed
 b
y 
th
e 
pr
oc
es
s 
ha
za
rd
s 
an
al
ys
is
 
(P
HA
) t
ea
m
 a
nd
 k
ey
 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
H
az
ar
do
us
 a
re
a 
cl
as
si
fic
at
io
n 
dr
aw
in
gs
 a
re
 b
as
ed
 o
n 
co
m
pl
et
ed
 e
qu
ip
m
en
t 
ar
ra
ng
em
en
t d
ra
w
in
gs
 in
cl
ud
in
g 
bo
un
da
rie
s 
w
ith
 d
im
en
si
on
s,
 
ca
lc
ul
at
io
ns
, l
eg
en
d 
sh
ee
ts
 a
nd
 
as
so
ci
at
ed
 p
ro
ce
ss
 in
fo
rm
at
io
n.
 
C
on
si
de
ra
tio
n 
ha
s 
be
en
 m
ad
e 
fo
r o
pe
ra
tin
g 
fa
ci
lit
ie
s 
w
ith
 
cl
as
si
fie
d 
ar
ea
s,
 lo
ca
tio
n 
of
 
pr
op
os
ed
 h
ig
h 
vo
lta
ge
 o
ut
do
or
 
su
bs
ta
tio
ns
 re
la
tiv
e 
to
 n
ea
rb
y 
cl
as
si
fie
d 
ar
ea
s,
 a
nd
 n
ea
rb
y 
pu
bl
ic
 a
re
as
. 
Ve
nt
ila
tio
n 
sy
st
em
s,
 a
ir 
in
le
ts
, 
ex
ha
us
ts
 fo
r t
ur
bi
ne
s 
an
d 
en
gi
ne
s,
 a
nd
 v
en
til
at
io
n 
sy
st
em
s 
th
at
 a
ffe
ct
 th
e 
ar
ea
 c
la
ss
ifi
ca
tio
n 
ar
e 
hi
gh
lig
ht
ed
. 
Sp
ec
ia
l b
ar
rie
rs
 / 
w
al
ls
 in
te
nd
ed
 
fo
r c
ha
ng
in
g 
ar
ea
 c
la
ss
ifi
ca
tio
ns
 
or
 s
ep
ar
at
in
g 
ar
ea
s 
w
ith
 d
iff
er
en
t 
cl
as
si
fic
at
io
ns
 a
re
 id
en
tif
ie
d.
 
R
oa
dw
ay
s 
/ r
ou
te
s 
th
at
 m
ay
 
im
pa
ct
 a
re
a 
cl
as
si
fic
at
io
n 
cl
ea
rly
 
sh
ow
n 
w
ith
 a
cc
es
s 
re
qu
ire
m
en
ts
 
fo
r r
oa
ds
 / 
dr
iv
ew
ay
s 
ap
pr
ov
ed
 
by
 o
pe
ra
tio
ns
. 
M
os
t e
le
ct
ric
al
 a
re
a 
cl
as
si
fic
at
io
ns
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
H
az
ar
do
us
 a
re
a 
cl
as
si
fic
at
io
n 
dr
aw
in
gs
 a
re
 b
as
ed
 o
n 
cu
rre
nt
 
eq
ui
pm
en
t a
rra
ng
em
en
t 
dr
aw
in
gs
 in
cl
ud
in
g 
bo
un
da
rie
s 
w
ith
 d
im
en
si
on
s,
 c
al
cu
la
tio
ns
, 
le
ge
nd
 s
he
et
s,
 a
nd
 a
ss
oc
ia
te
d 
pr
oc
es
s 
in
fo
rm
at
io
n.
 
C
on
si
de
ra
tio
n 
ha
s 
be
en
 m
ad
e 
fo
r o
pe
ra
tin
g 
fa
ci
lit
ie
s 
w
ith
 
cl
as
si
fie
d 
ar
ea
s,
 lo
ca
tio
n 
of
 
pr
op
os
ed
 h
ig
h 
vo
lta
ge
 o
ut
do
or
 
su
bs
ta
tio
ns
 re
la
tiv
e 
to
 n
ea
rb
y 
cl
as
si
fie
d 
ar
ea
s,
 a
nd
 n
ea
rb
y 
pu
bl
ic
 a
re
as
. 
Ve
nt
ila
tio
n 
sy
st
em
s,
 a
ir 
in
le
ts
, 
ex
ha
us
ts
 fo
r t
ur
bi
ne
s 
an
d 
en
gi
ne
s,
 a
nd
 v
en
til
at
io
n 
sy
st
em
s 
th
at
 a
ffe
ct
 th
e 
ar
ea
 
cl
as
si
fic
at
io
n 
ar
e 
hi
gh
lig
ht
ed
. 
Sp
ec
ia
l b
ar
rie
rs
 / 
w
al
ls
 
in
te
nd
ed
 fo
r c
ha
ng
in
g 
ar
ea
 
cl
as
si
fic
at
io
ns
 o
r s
ep
ar
at
in
g 
ar
ea
s 
w
ith
 d
iff
er
en
t 
cl
as
si
fic
at
io
ns
 a
re
 id
en
tif
ie
d.
 
R
oa
dw
ay
s 
/ r
ou
te
s 
th
at
 m
ay
 
im
pa
ct
 a
re
a 
cl
as
si
fic
at
io
n 
cl
ea
rly
 s
ho
w
n 
w
ith
 a
cc
es
s 
re
qu
ire
m
en
ts
 fo
r r
oa
ds
 / 
dr
iv
ew
ay
s 
ar
e 
do
cu
m
en
te
d.
 
So
m
e 
el
ec
tri
ca
l a
re
a 
cl
as
si
fic
at
io
ns
 h
av
e 
be
en
 
de
ve
lo
pe
d 
w
ith
 h
ol
ds
 fo
r 
de
fic
ie
nc
ie
s.
 
H
az
ar
do
us
 a
re
a 
cl
as
si
fic
at
io
n 
dr
aw
in
gs
 a
re
 b
as
ed
 o
n 
cu
rre
nt
 
bu
t i
nc
om
pl
et
e 
eq
ui
pm
en
t 
ar
ra
ng
em
en
t d
ra
w
in
gs
 w
ith
 s
om
e 
ho
ld
s 
on
 m
aj
or
 e
qu
ip
m
en
t 
in
cl
ud
in
g 
bo
un
da
rie
s 
w
ith
 
di
m
en
si
on
s 
an
d 
le
ge
nd
 s
he
et
s.
 
Al
l p
ro
ce
ss
 in
fo
rm
at
io
n 
no
t y
et
 
av
ai
la
bl
e 
to
 d
ef
in
e 
cl
as
si
fic
at
io
ns
. 
So
m
e 
co
ns
id
er
at
io
n 
m
ad
e 
fo
r 
op
er
at
in
g 
fa
ci
lit
ie
s 
w
ith
 c
la
ss
ifi
ed
 
ar
ea
s,
 lo
ca
tio
n 
of
 p
ro
po
se
d 
hi
gh
 
vo
lta
ge
 o
ut
do
or
 s
ub
st
at
io
ns
 
re
la
tiv
e 
to
 n
ea
rb
y 
cl
as
si
fie
d 
ar
ea
s,
 a
nd
 n
ea
rb
y 
pu
bl
ic
 a
re
as
. 
Ve
nt
ila
tio
n 
sy
st
em
s,
 a
ir 
in
le
ts
, 
ex
ha
us
ts
 fo
r t
ur
bi
ne
s 
an
d 
en
gi
ne
s,
 a
nd
 v
en
til
at
io
n 
sy
st
em
s 
th
at
 a
ffe
ct
 th
e 
ar
ea
 c
la
ss
ifi
ca
tio
n 
m
os
tly
 h
ig
hl
ig
ht
ed
. 
Sp
ec
ia
l b
ar
rie
rs
 / 
w
al
ls
 in
te
nd
ed
 
fo
r c
ha
ng
in
g 
ar
ea
 c
la
ss
ifi
ca
tio
ns
 
or
 s
ep
ar
at
in
g 
ar
ea
s 
w
ith
 d
iff
er
en
t 
cl
as
si
fic
at
io
ns
 la
rg
el
y 
id
en
tif
ie
d.
 
R
oa
dw
ay
s 
/ a
cc
es
s 
ro
ut
es
 a
re
 
pr
el
im
in
ar
y 
bu
t h
av
e 
be
en
 
di
sc
us
se
d 
w
ith
 o
pe
ra
tio
ns
. 
El
ec
tri
ca
l a
re
a 
cl
as
si
fic
at
io
ns
 
w
or
k 
ha
s 
st
ar
te
d.
 
Id
en
tif
ic
at
io
n 
of
 
el
ec
tri
ca
l 
cl
as
si
fic
at
io
n 
ha
s 
st
ar
te
d 
us
in
g 
m
aj
or
 
co
lu
m
ns
 a
nd
 
ve
ss
el
s 
al
on
g 
w
ith
 
as
su
m
ed
 p
ro
ce
ss
 
in
fo
rm
at
io
n.
 
Li
ttl
e 
or
 n
o 
de
si
gn
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
el
ec
tri
ca
l a
re
a 
cl
as
si
fic
at
io
n 
an
d 
lit
tle
 h
as
 b
ee
n 
do
cu
m
en
te
d.
 
Not yet started. 
**
 A
dd
iti
on
al
 it
em
s 
to
 c
on
si
de
r 
fo
r R
en
ov
at
io
n 
& 
R
ev
am
p 
pr
oj
ec
ts
 **
 
¨
R
ec
la
ss
ifi
ca
tio
n 
im
pa
ct
 
on
 e
xi
st
in
g 
ac
ce
ss
 a
nd
 
op
er
at
in
g 
ar
ea
s 
R
ec
la
ss
ifi
ca
tio
n 
im
pa
ct
 o
n 
ex
is
tin
g 
ac
ce
ss
/o
pe
ra
tin
g 
ar
ea
s 
ha
ve
 b
ee
n 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
. 
M
os
t r
ec
la
ss
ifi
ca
tio
n 
im
pa
ct
 
on
 e
xi
st
in
g 
ac
ce
ss
/o
pe
ra
tin
g 
ar
ea
s 
ha
s 
be
en
 d
oc
um
en
te
d,
 
bu
t n
ot
 y
et
 a
pp
ro
ve
d.
 
So
m
e 
re
cl
as
si
fic
at
io
n 
im
pa
ct
 o
n 
ex
is
tin
g 
ac
ce
ss
/o
pe
ra
tin
g 
ar
ea
s 
ha
s 
be
en
 d
ev
el
op
ed
.  
Li
ttl
e 
or
 n
o 
de
si
gn
 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 o
n 
re
cl
as
si
fic
at
io
n 
im
pa
ct
 o
n 
ex
is
tin
g 
ac
ce
ss
/o
pe
ra
tin
g 
ar
ea
s.
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SE
C
TI
O
N
 II
 –
 B
A
SI
S 
O
F 
D
ES
IG
N
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
K
.
IN
ST
R
U
M
EN
T 
&
 
EL
EC
TR
IC
A
L 
0 
1 
2 
3 
4 
5 
K
6.
 In
st
ru
m
en
t &
 E
le
ct
ric
al
 
Sp
ec
ifi
ca
tio
ns
  
Sp
ec
ifi
ca
tio
ns
 fo
r i
ns
tru
m
en
t a
nd
 
el
ec
tri
ca
l s
ys
te
m
s 
sh
ou
ld
 b
e 
de
ve
lo
pe
d 
an
d 
sh
ou
ld
 in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
¨
D
is
tri
bu
te
d 
C
on
tro
l S
ys
te
m
 
(D
C
S)
 
¨
In
st
ru
m
en
t d
at
a 
sh
ee
ts
 
¨
M
ot
or
 c
on
tro
l a
nd
 
tra
ns
fo
rm
er
s 
¨
Po
w
er
 a
nd
 c
on
tro
l 
co
m
po
ne
nt
s 
¨
Po
w
er
 a
nd
 c
on
tro
l w
iri
ng
 
(s
pl
ic
in
g 
re
qu
ire
m
en
ts
) 
¨
C
at
ho
di
c 
pr
ot
ec
tio
n 
¨
Li
gh
tn
in
g 
pr
ot
ec
tio
n 
¨
Se
cu
rit
y 
sy
st
em
s 
¨
G
ro
un
di
ng
 
¨
El
ec
tri
ca
l t
ra
ce
 
¨
In
st
al
la
tio
n 
st
an
da
rd
s 
¨
Li
gh
tin
g 
st
an
da
rd
s 
 
¨
C
iv
il 
re
qu
ire
m
en
ts
 fo
r 
el
ec
tri
ca
l i
ns
ta
lla
tio
n:
 
o
Pr
ot
ec
tio
n/
w
ar
ni
ng
 fo
r 
un
de
rg
ro
un
d 
ca
bl
in
g 
o
Sp
ec
ia
l s
la
bs
 o
r f
ou
nd
at
io
ns
 
fo
r e
le
ct
ric
al
 e
qu
ip
m
en
t 
o
C
on
cr
et
e-
em
be
dd
ed
 c
on
du
it 
 
¨
O
th
er
 
 
 
C
om
m
en
ts
 o
n 
Is
su
es
: 
S
pe
ci
fic
at
io
ns
 g
en
er
al
ly
 h
av
e 
no
t 
be
en
 d
ev
el
op
ed
 fo
r t
he
 fo
llo
w
in
g:
 
in
st
ru
m
en
t d
at
as
he
et
s;
 lo
op
 
di
ag
ra
m
s;
 a
nd
 fi
re
 p
ro
te
ct
io
n 
at
 th
e 
en
d 
of
 F
E
E
D
. 
Not required for project. 
In
st
ru
m
en
t a
nd
 
el
ec
tr
ic
al
 
sp
ec
ifi
ca
tio
ns
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 In
st
ru
m
en
t a
nd
 e
le
ct
ric
al
 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 
de
ve
lo
pe
d 
an
d 
in
cl
ud
e 
th
e 
D
C
S;
 p
ow
er
 
re
qu
ire
m
en
ts
; p
ow
er
 
an
d 
co
nt
ro
l c
om
po
ne
nt
s;
 
gr
ou
nd
in
g;
 p
re
lim
in
ar
y 
m
aj
or
 in
lin
e 
in
st
ru
m
en
t 
id
en
tif
ic
at
io
n;
 g
en
er
al
 
in
st
al
la
tio
n 
st
an
da
rd
s;
 
m
ot
or
 c
on
tro
l c
en
te
rs
 
(M
C
C
’s
) a
nd
 
tra
ns
fo
rm
er
s;
 e
le
ct
ric
al
 
ca
bl
e;
 c
iv
il 
re
qu
ire
m
en
ts
; 
m
aj
or
 fi
be
r o
pt
ic
 c
ab
le
 
la
yo
ut
; i
np
ut
s 
an
d 
ou
tp
ut
s 
(I/
O
). 
 M
ai
n 
po
w
er
 
in
fra
st
ru
ct
ur
e 
co
m
po
ne
nt
s 
m
ay
 b
e 
on
 
or
de
r. 
 Sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 d
oc
um
en
te
d 
fo
r 
th
e 
fo
llo
w
in
g:
 in
st
al
la
tio
n 
st
an
da
rd
 d
et
ai
ls
, 
in
cl
ud
in
g 
lig
ht
in
g 
st
an
da
rd
s;
 li
gh
tn
in
g 
pr
ot
ec
tio
n;
 c
at
ho
di
c 
pr
ot
ec
tio
n;
 e
le
ct
ric
al
 
tra
ce
; a
nd
 s
ec
ur
ity
 
sy
st
em
s.
 
M
os
t i
ns
tr
um
en
t a
nd
 
el
ec
tr
ic
al
 s
pe
ci
fic
at
io
ns
 
ar
e 
do
cu
m
en
te
d 
an
d 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 
ye
t a
pp
ro
ve
d.
 
 In
st
ru
m
en
t a
nd
 e
le
ct
ric
al
 
sp
ec
ifi
ca
tio
ns
 h
av
e 
be
en
 
de
ve
lo
pe
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
. T
he
y 
in
cl
ud
e 
th
e 
D
C
S;
 p
ow
er
 
re
qu
ire
m
en
ts
; p
ow
er
 a
nd
 
co
nt
ro
l c
om
po
ne
nt
s;
 
gr
ou
nd
in
g;
 p
re
lim
in
ar
y 
m
aj
or
 in
lin
e 
in
st
ru
m
en
t 
id
en
tif
ic
at
io
n;
 g
en
er
al
 
in
st
al
la
tio
n 
st
an
da
rd
s;
 
M
C
C
’s
 a
nd
 tr
an
sf
or
m
er
s 
(w
ith
 m
in
or
 h
ol
ds
) a
nd
 
el
ec
tri
ca
l c
ab
le
. S
om
e 
m
in
or
 is
su
es
 m
ay
 n
ot
 b
e 
de
fin
ed
. 
 M
ai
n 
po
w
er
 in
fra
st
ru
ct
ur
e 
co
m
po
ne
nt
s 
m
ay
 b
e 
on
 
or
de
r. 
 M
os
t s
pe
ci
fic
at
io
ns
 h
av
e 
be
en
 d
ev
el
op
ed
 fo
r t
he
 
fo
llo
w
in
g 
in
st
al
la
tio
n 
st
an
da
rd
 d
et
ai
ls
 in
cl
ud
in
g:
 
ci
vi
l r
eq
ui
re
m
en
ts
; m
aj
or
 
fib
er
 o
pt
ic
 c
ab
le
 la
yo
ut
; 
de
ta
il 
in
st
al
la
tio
n 
st
an
da
rd
s;
 I/
O
 (w
ith
 
ho
ld
s)
; l
ig
ht
in
g 
st
an
da
rd
s 
an
d 
pr
ot
ec
tio
n.
 
 Sp
ec
ifi
ca
tio
ns
 h
av
e 
ge
ne
ra
lly
 n
ot
 b
ee
n 
do
cu
m
en
te
d 
fo
r: 
ca
th
od
ic
 
pr
ot
ec
tio
n;
 e
le
ct
ric
al
 
tra
ce
; a
nd
 s
ec
ur
ity
 
sy
st
em
s.
 
So
m
e 
in
st
ru
m
en
t a
nd
 
el
ec
tr
ic
al
 s
pe
ci
fic
at
io
ns
 
ar
e 
de
ve
lo
pe
d.
 
 So
m
e 
in
st
ru
m
en
t a
nd
 
el
ec
tri
ca
l s
pe
ci
fic
at
io
ns
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
fo
r 
th
e 
D
C
S;
 p
ow
er
 
re
qu
ire
m
en
ts
; p
ow
er
 a
nd
 
co
nt
ro
l c
om
po
ne
nt
s;
 
gr
ou
nd
in
g;
 p
re
lim
in
ar
y 
in
lin
e 
in
st
ru
m
en
t 
id
en
tif
ic
at
io
n;
 g
en
er
al
 
in
st
al
la
tio
n 
st
an
da
rd
s;
 
M
C
C
’s
 a
nd
 tr
an
sf
or
m
er
s 
(w
ith
 s
ig
ni
fic
an
t h
ol
ds
); 
an
d 
el
ec
tri
ca
l c
ab
le
. 
 Lo
ng
 le
ad
 m
ai
n 
po
w
er
 
in
fra
st
ru
ct
ur
e 
co
m
po
ne
nt
s 
m
ay
 b
e 
on
 o
rd
er
. 
 P
re
lim
in
ar
y 
sp
ec
ifi
ca
tio
ns
 
ha
ve
 b
ee
n 
de
ve
lo
pe
d 
w
ith
 
so
m
e 
de
fic
ie
nc
ie
s 
fo
r c
iv
il 
re
qu
ire
m
en
ts
; m
aj
or
 fi
be
r 
op
tic
 c
ab
le
 la
yo
ut
; d
et
ai
l 
in
st
al
la
tio
n 
st
an
da
rd
s;
 a
nd
 
I/O
 (w
ith
 h
ol
ds
). 
 S
pe
ci
fic
at
io
ns
 h
av
e 
no
t 
be
en
 d
ev
el
op
ed
 fo
r: 
lig
ht
in
g 
st
an
da
rd
s;
 li
gh
tn
in
g 
pr
ot
ec
tio
n;
 c
at
ho
di
c 
pr
ot
ec
tio
n;
 e
le
ct
ric
al
 tr
ac
e;
 
an
d 
se
cu
rit
y 
sy
st
em
s.
 
In
st
ru
m
en
t a
nd
 
el
ec
tr
ic
al
 
sp
ec
ifi
ca
tio
ns
 
de
ve
lo
pm
en
t w
or
k 
ha
s 
st
ar
te
d.
 
 In
st
ru
m
en
t a
nd
 
el
ec
tri
ca
l s
pe
ci
fic
at
io
n 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ev
el
op
ed
 fo
r 
th
e 
D
C
S;
 p
ow
er
 
re
qu
ire
m
en
ts
; p
ow
er
 
an
d 
co
nt
ro
l 
co
m
po
ne
nt
s;
 
gr
ou
nd
in
g;
 
pr
el
im
in
ar
y 
in
lin
e 
in
st
ru
m
en
t 
id
en
tif
ic
at
io
n;
 g
en
er
al
 
in
st
al
la
tio
n 
st
an
da
rd
s.
 
 Li
ttl
e 
or
 n
o 
m
ee
tin
g 
tim
e 
or
 d
es
ig
n 
ho
ur
s 
ha
ve
 b
ee
n 
ex
pe
nd
ed
 
on
 a
dd
iti
on
al
 
sp
ec
ifi
ca
tio
n 
de
ve
lo
pm
en
t. 
Not yet started. 
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SE
C
TI
O
N
 II
I:
 E
X
EC
U
TI
O
N
 A
PP
R
O
A
C
H
 
Th
is 
se
ct
io
n 
co
ns
ist
s o
f e
le
m
en
ts 
th
at
 sh
ou
ld
 b
e 
ev
al
ua
te
d 
fo
r a
 fu
ll 
un
de
rs
ta
nd
in
g 
of
 th
e 
ow
ne
r’
s s
tra
te
gy
 a
nd
 
re
qu
ire
d 
ap
pr
oa
ch
 fo
r e
xe
cu
tin
g 
th
e 
pr
oj
ec
t c
on
str
uc
tio
n 
an
d 
cl
os
eo
ut
. 
SE
C
TI
O
N
 II
I –
 E
XE
C
UT
IO
N 
A
PP
R
O
AC
H 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
P.
PR
O
JE
C
T 
EX
EC
U
TI
O
N
 
PL
A
N 
0 
1 
2 
3 
4 
5 
P4
. P
re
-C
om
m
is
si
on
in
g 
Tu
rn
ov
er
 S
eq
ue
nc
e 
R
eq
ui
re
m
en
ts
  
Th
e 
ow
ne
r’s
 re
qu
ire
d 
se
qu
en
ce
 
fo
r t
ur
no
ve
r o
f t
he
 p
ro
je
ct
 fo
r 
pr
e-
co
m
m
is
si
on
in
g 
an
d 
st
ar
tu
p 
ac
tiv
at
io
n 
ha
s 
be
en
 d
ev
el
op
ed
. 
It 
sh
ou
ld
 in
cl
ud
e 
ite
m
s 
su
ch
 a
s:
 
¨
Se
qu
en
ce
 o
f t
ur
no
ve
r, 
in
cl
ud
in
g 
sy
st
em
 
id
en
tif
ic
at
io
n 
an
d 
pr
io
rit
y 
¨
C
on
tra
ct
or
’s
 a
nd
 
ow
ne
r’s
 re
qu
ire
d 
le
ve
l 
of
 in
vo
lv
em
en
t i
n:
 
o
Pr
e-
co
m
m
is
si
on
in
g 
o
Tr
ai
ni
ng
 
o
Te
st
in
g 
¨
C
le
ar
 d
ef
in
iti
on
 o
f 
m
ec
ha
ni
ca
l/e
le
ct
ric
al
 
ac
ce
pt
an
ce
/a
pp
ro
va
l 
re
qu
ire
m
en
ts
 
¨
O
th
er
  
 C
om
m
en
ts
 o
n 
Is
su
es
: 
C
on
st
ru
ct
io
n 
kn
ow
le
dg
e 
an
d 
in
pu
t i
s 
ty
pi
ca
lly
 ta
ke
n 
in
to
 
ac
co
un
t w
he
n 
co
ns
id
er
in
g 
th
e 
co
m
pl
et
en
es
s 
of
 th
is
 e
le
m
en
t. 
Not required for project. 
Pr
e-
co
m
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r d
et
ai
le
d 
de
si
gn
. 
 D
ef
in
iti
on
 o
f a
cc
ep
ta
nc
e 
an
d 
ap
pr
ov
al
 
cr
ite
ria
 fo
r m
ec
ha
ni
ca
l a
nd
 e
le
ct
ric
al
 
sy
st
em
s 
ha
ve
 b
ee
n 
is
su
ed
, d
oc
um
en
te
d 
an
d 
ap
pr
ov
ed
. I
te
m
s 
in
cl
ud
e:
 S
ys
te
m
s 
id
en
tif
ie
d 
on
 p
ip
in
g 
an
d 
in
st
ru
m
en
ta
tio
n 
di
ag
ra
m
s 
(P
&I
D
’s
), 
te
st
in
g 
re
qu
ire
m
en
ts
 
fo
r m
ec
ha
ni
ca
l e
qu
ip
m
en
t d
ef
in
ed
, 
sy
st
em
s 
id
en
tif
ie
d 
on
 in
st
ru
m
en
ta
tio
n 
an
d 
el
ec
tri
ca
l (
I&
E)
 lo
ad
 li
st
, s
ys
te
m
s 
id
en
tif
ie
d 
on
 th
e 
in
pu
t /
 o
ut
pu
t (
I/O
) l
is
t, 
th
e 
te
st
 
pa
ck
ag
e 
is
 id
en
tif
ie
d 
on
 th
e 
pi
pi
ng
 li
ne
 li
st
, 
se
qu
en
ce
 o
f t
es
tin
g 
an
d 
tu
rn
ov
er
 
re
qu
ire
m
en
ts
 is
 d
ef
in
ed
. 
 Th
e 
pr
e-
co
m
m
is
si
on
in
g 
pl
an
 in
cl
ud
es
:  
re
qu
ire
m
en
ts
 fo
r d
iv
is
io
n 
of
 re
sp
on
si
bi
lit
y 
fo
r p
re
-c
om
m
is
si
on
in
g 
an
d 
tra
in
in
g 
an
d 
te
st
in
g,
 p
re
-c
om
m
is
si
on
in
g 
/ t
ur
no
ve
r 
sc
he
du
le
, t
es
tin
g 
an
d 
cl
ea
ni
ng
, d
ry
 o
ut
, o
il 
flu
sh
, t
ra
in
in
g,
 lu
br
ic
at
io
n,
 
eq
ui
pm
en
t c
al
ib
ra
tio
n,
 lo
op
 c
he
ck
s,
 
m
ot
or
 ru
n-
in
s,
 c
on
tin
ui
ty
 c
he
ck
s,
 
fu
nc
tio
na
l t
es
ts
, t
ur
no
ve
r d
el
iv
er
ab
le
s,
 p
re
-
co
m
m
is
si
on
in
g 
/ t
ur
no
ve
r s
ch
ed
ul
e,
 
su
bs
ta
tio
n 
/ s
w
itc
hg
ea
r /
m
ot
or
 c
on
tro
l 
ce
nt
er
s 
(M
C
C
’s
) t
es
tin
g,
 M
eg
ga
r t
es
ts
, 
tra
ns
fo
rm
er
 te
st
in
g,
 in
st
ru
m
en
t s
et
tin
g,
 
ca
lib
ra
tio
n 
an
d 
ad
ju
st
m
en
t. 
Th
e 
lo
ck
 o
ut
-ta
g 
ou
t p
la
n 
ha
s 
be
en
 
fin
al
iz
ed
 a
nd
 a
pp
ro
ve
d.
 
M
os
t p
re
-c
om
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 a
re
 d
oc
um
en
te
d 
an
d 
un
de
r r
ev
ie
w
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
. 
M
os
t o
f t
he
 p
re
-c
om
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 
do
cu
m
en
te
d,
 b
ut
 n
ot
 y
et
 a
pp
ro
ve
d.
 
Th
es
e 
ite
m
s 
in
cl
ud
e:
 D
ef
in
iti
on
 o
f 
ac
ce
pt
an
ce
 a
nd
 a
pp
ro
va
l c
rit
er
ia
 fo
r 
m
ec
ha
ni
ca
l a
nd
 e
le
ct
ric
al
 s
ys
te
m
s,
 
sy
st
em
 d
ef
in
iti
on
s 
is
su
ed
 a
nd
 
sy
st
em
s 
id
en
tif
ic
at
io
n 
in
cl
ud
ed
 o
n 
P&
ID
’s
, t
es
tin
g 
re
qu
ire
m
en
ts
 fo
r 
m
ec
ha
ni
ca
l e
qu
ip
m
en
t d
ef
in
ed
, t
he
 
sy
st
em
s 
id
en
tif
ic
at
io
n 
in
cl
ud
in
g 
I/O
 
lo
ad
 li
st
, t
es
t p
ac
ka
ge
 id
en
tif
ic
at
io
n 
on
 th
e 
pi
pi
ng
 li
ne
 li
st
 o
r t
he
 
se
qu
en
ce
 o
f t
es
tin
g 
an
d 
tu
rn
ov
er
 
m
ay
 n
ot
 h
av
e 
be
en
 d
ev
el
op
ed
. 
 Th
e 
pr
e-
co
m
m
is
si
on
in
g 
pl
an
 is
 
do
cu
m
en
te
d 
bu
t n
ot
 y
et
 fi
na
liz
ed
 
an
d 
in
cl
ud
es
 re
qu
ire
m
en
ts
 fo
r 
di
vi
si
on
 o
f r
es
po
ns
ib
ilit
y 
fo
r p
re
-
co
m
m
is
si
on
in
g,
 tr
ai
ni
ng
 a
nd
 te
st
in
g,
 
pr
e-
co
m
m
is
si
on
in
g 
/ t
ur
no
ve
r 
sc
he
du
le
, t
es
tin
g 
an
d 
cl
ea
ni
ng
, d
ry
 
ou
t, 
oi
l f
lu
sh
, t
ra
in
in
g,
 lu
br
ic
at
io
n,
 
eq
ui
pm
en
t c
al
ib
ra
tio
n,
 lo
op
 c
he
ck
s,
 
m
ot
or
 ru
n-
in
s,
 c
on
tin
ui
ty
 c
he
ck
s,
 
fu
nc
tio
na
l t
es
ts
, t
ur
no
ve
r 
de
liv
er
ab
le
s,
 p
re
-c
om
m
is
si
on
in
g 
/ 
tu
rn
ov
er
 s
ch
ed
ul
e,
 s
ub
st
at
io
n 
/ 
sw
itc
hg
ea
r /
m
ot
or
 c
on
tro
l c
en
te
rs
 
(M
C
C
’s
) t
es
tin
g,
 M
eg
ga
r t
es
ts
, 
tra
ns
fo
rm
er
 te
st
in
g,
 in
st
ru
m
en
t 
se
tti
ng
, c
al
ib
ra
tio
n 
an
d 
ad
ju
st
m
en
t. 
Th
e 
lo
ck
 o
ut
-ta
g 
ou
t p
la
n 
m
ay
 n
ot
 
ha
ve
 b
ee
n 
fin
al
iz
ed
. 
So
m
e 
of
 th
e 
pr
e-
co
m
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 a
re
 d
ev
el
op
ed
 
w
ith
 h
ol
ds
 fo
r d
ef
ic
ie
nc
ie
s.
 
 So
m
e 
of
 th
e 
pr
e-
co
m
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
do
cu
m
en
te
d.
 T
he
y 
in
cl
ud
e:
 T
he
 d
ef
in
iti
on
 o
f 
ac
ce
pt
an
ce
 a
nd
 a
pp
ro
va
l 
cr
ite
ria
 fo
r m
ec
ha
ni
ca
l a
nd
 
el
ec
tri
ca
l s
ys
te
m
s,
 s
ys
te
m
s 
de
fin
iti
on
s 
ar
e 
is
su
ed
, 
sy
st
em
s 
id
en
tif
ic
at
io
ns
 a
re
 
ge
ne
ra
lly
 n
ot
 in
cl
ud
ed
 o
n 
th
e 
P&
ID
’s
, a
nd
 th
e 
te
st
in
g 
re
qu
ire
m
en
ts
 fo
r m
ec
ha
ni
ca
l 
eq
ui
pm
en
t m
ay
 n
ot
 b
e 
de
fin
ed
. 
 Th
e 
pr
e-
co
m
m
is
si
on
in
g 
pl
an
 is
 
in
 p
ro
gr
es
s 
bu
t n
ot
 y
et
 
fin
al
iz
ed
 a
nd
 in
cl
ud
es
 s
om
e 
of
 
th
e 
re
qu
ire
m
en
ts
 fo
r t
he
 
di
vi
si
on
 o
f r
es
po
ns
ib
ilit
y 
fo
r 
pr
e-
co
m
m
is
si
on
in
g,
 tr
ai
ni
ng
 
an
d 
te
st
in
g,
 p
re
-
co
m
m
is
si
on
in
g 
/ t
ur
no
ve
r 
sc
he
du
le
, t
es
tin
g 
an
d 
cl
ea
ni
ng
, d
ry
 o
ut
, o
il 
flu
sh
, 
tra
in
in
g,
 lu
br
ic
at
io
n,
 
eq
ui
pm
en
t c
al
ib
ra
tio
n,
 a
nd
 
lo
op
 c
he
ck
s.
 T
he
 m
ot
or
 ru
n-
in
, 
co
nt
in
ui
ty
 c
he
ck
s,
 fu
nc
tio
na
l 
te
st
s,
 tu
rn
ov
er
 d
el
iv
er
ab
le
s,
 
an
d 
pr
e-
co
m
m
is
si
on
in
g 
/ 
tu
rn
ov
er
 s
ch
ed
ul
e 
ha
s 
ge
ne
ra
lly
 n
ot
 b
ee
n 
fin
al
iz
ed
.  
Pr
e-
co
m
m
is
si
on
in
g 
re
qu
ire
m
en
ts
 w
or
k 
ha
s 
st
ar
te
d.
 
 Th
e 
de
fin
iti
on
 o
f 
ac
ce
pt
an
ce
 a
nd
 
ap
pr
ov
al
 c
rit
er
ia
 fo
r 
m
ec
ha
ni
ca
l a
nd
 
el
ec
tri
ca
l h
as
 
st
ar
te
d.
 L
itt
le
 to
 n
o 
ot
he
r w
or
k 
ha
s 
be
en
 
do
ne
. 
 Th
e 
di
vi
si
on
 o
f 
re
sp
on
si
bi
lit
y 
fo
r p
re
-
co
m
m
is
si
on
in
g,
 
tra
in
in
g 
an
d 
te
st
in
g 
is
 id
en
tif
ie
d.
 
Not yet started. 
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SE
C
TI
O
N
 II
I –
 
EX
EC
U
TI
O
N
 
A
PP
R
O
A
C
H
 
D
ef
in
iti
on
 L
ev
el
 
 
N
/A
 
B
ES
T 
  
M
ED
IU
M
 
 W
O
R
ST
 
P.
PR
O
JE
C
T 
EX
EC
U
TI
O
N
 
PL
A
N
 
0 
1 
2 
3 
4 
5 
P5
. S
ta
rt
up
 
R
eq
ui
re
m
en
ts
  
 St
ar
tu
p 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
 a
nd
 
re
sp
on
si
bi
lit
y 
es
ta
bl
is
he
d.
 A
 p
ro
ce
ss
 
is
 in
 p
la
ce
 to
 e
ns
ur
e 
th
at
 s
ta
rtu
p 
pl
an
ni
ng
 
w
ill 
be
 p
er
fo
rm
ed
. 
 Is
su
es
 in
cl
ud
e:
 
 ¨
St
ar
tu
p 
go
al
s 
¨
Le
ad
er
sh
ip
 
re
sp
on
si
bi
lit
y 
¨
Se
qu
en
ci
ng
 o
f 
st
ar
tu
p 
¨
Te
ch
no
lo
gy
 
st
ar
t-u
p 
su
pp
or
t 
on
-s
ite
, i
nc
lu
di
ng
 
in
fo
rm
at
io
n 
te
ch
no
lo
gy
 
¨
Fe
ed
st
oc
k/
ra
w
 
m
at
er
ia
ls
 
¨
O
ff-
gr
ad
e 
w
as
te
 
di
sp
os
al
 
¨
Q
ua
lit
y 
as
su
ra
nc
e/
qu
al
it
y 
co
nt
ro
l 
¨
W
or
k 
fo
rc
e 
re
qu
ire
m
en
ts
 
Not required for project. 
St
ar
tu
p 
re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ap
pr
ov
ed
 b
y 
ke
y 
st
ak
eh
ol
de
rs
 a
s 
a 
ba
si
s 
fo
r 
de
ta
ile
d 
de
si
gn
. 
 Th
e 
st
ar
tu
p 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
 a
nd
 in
cl
ud
e 
st
ar
tu
p 
go
al
s 
an
d 
ac
ce
pt
an
ce
 c
rit
er
ia
, 
de
ta
ile
d 
pr
oc
es
s 
de
sc
rip
tio
n,
 
ha
nd
lin
g 
of
 fe
ed
st
oc
k 
/ r
aw
 
m
at
er
ia
ls
 a
nd
 p
ro
du
ct
s,
 s
ys
te
m
 
de
fin
iti
on
s,
 s
ta
rtu
p 
ac
ce
pt
an
ce
 
cr
ite
ria
, p
er
fo
rm
an
ce
 a
cc
ep
ta
nc
e 
cr
ite
ria
, o
pe
ra
tio
ns
 a
nd
 
m
ai
nt
en
an
ce
 (O
&M
) m
an
ua
l 
re
qu
ire
m
en
ts
, t
es
tin
g 
re
qu
ire
m
en
ts
, r
eq
ui
re
d 
st
ar
tu
p 
sp
ar
es
, r
eq
ui
re
d 
co
ns
um
ab
le
s,
 
an
d 
em
is
si
on
s 
te
st
in
g 
cr
ite
ria
. 
 Th
e 
st
ar
tu
p 
pl
an
 in
cl
ud
es
 th
e 
di
vi
si
on
 o
f r
es
po
ns
ib
ilit
y,
 tr
ai
ni
ng
 
an
d 
te
st
in
g,
 s
ta
rt-
up
 re
qu
ire
m
en
ts
 / 
go
al
s,
 te
ch
no
lo
gy
 s
ta
rtu
p 
su
pp
or
t 
re
qu
ire
m
en
ts
, v
en
do
r s
up
po
rt 
re
qu
ire
m
en
ts
, o
rg
an
iz
at
io
na
l 
re
sp
on
si
bi
lit
ie
s,
 c
le
an
in
g 
an
d 
pa
ss
iv
at
io
n,
 c
at
al
ys
t l
oa
di
ng
, o
ff-
si
te
 w
as
te
 d
is
po
sa
l, 
st
ar
tu
p 
se
qu
en
ce
 / 
st
ar
tu
p 
sc
he
du
le
, 
st
ar
tu
p 
de
liv
er
ab
le
s,
 fu
nc
tio
na
l 
te
st
in
g 
cr
ite
ria
, s
ta
rtu
p 
ac
ce
pt
an
ce
 
cr
ite
ria
, s
of
tw
ar
e 
ch
ec
ko
ut
, 
op
er
at
or
 tr
ai
ni
ng
 p
la
n,
 a
nd
 
tro
ub
le
sh
oo
tin
g 
ch
ec
kl
is
t. 
M
os
t s
ta
rt
up
 re
qu
ire
m
en
ts
 a
re
 
do
cu
m
en
te
d 
an
d 
ar
e 
un
de
r 
re
vi
ew
, b
ut
 n
ot
 y
et
 a
pp
ro
ve
d.
 
 M
os
t s
ta
rtu
p 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 d
ef
in
ed
, b
ut
 n
ot
 y
et
 
ap
pr
ov
ed
, a
nd
 in
cl
ud
e 
st
ar
tu
p 
go
al
s 
an
d 
ac
ce
pt
an
ce
 c
rit
er
ia
, 
de
ta
ile
d 
pr
oc
es
s 
de
sc
rip
tio
n,
 
ha
nd
lin
g 
of
 fe
ed
st
oc
k 
/ r
aw
 
m
at
er
ia
ls
 a
nd
 p
ro
du
ct
s,
 s
ys
te
m
 
de
fin
iti
on
s,
 s
ta
rtu
p 
ac
ce
pt
an
ce
 
cr
ite
ria
, p
er
fo
rm
an
ce
 a
cc
ep
ta
nc
e 
cr
ite
ria
, O
&M
 m
an
ua
l 
re
qu
ire
m
en
ts
, t
es
tin
g 
re
qu
ire
m
en
ts
. R
eq
ui
re
d 
st
ar
tu
p 
sp
ar
es
, c
on
su
m
ab
le
s 
an
d 
em
is
si
on
s 
te
st
in
g 
cr
ite
ria
 m
ay
 n
ot
 
be
 d
ev
el
op
ed
. 
 M
os
t o
f t
he
 s
ta
rtu
p 
pl
an
 h
as
 b
ee
n 
de
ve
lo
pe
d,
 b
ut
 n
ot
 y
et
 a
pp
ro
ve
d,
 
an
d 
in
cl
ud
es
 th
e 
di
vi
si
on
 o
f 
re
sp
on
si
bi
lit
y,
 tr
ai
ni
ng
 a
nd
 
te
st
in
g,
 s
ta
rt-
up
 re
qu
ire
m
en
ts
 / 
go
al
s,
 te
ch
no
lo
gy
 s
ta
rtu
p 
su
pp
or
t 
re
qu
ire
m
en
ts
, v
en
do
r s
up
po
rt 
re
qu
ire
m
en
ts
, o
rg
an
iz
at
io
na
l 
re
sp
on
si
bi
lit
ie
s,
 c
le
an
in
g 
an
d 
pa
ss
iv
at
io
n,
 c
at
al
ys
t l
oa
di
ng
, o
ff-
si
te
 w
as
te
 d
is
po
sa
l, 
st
ar
tu
p 
se
qu
en
ce
 / 
st
ar
tu
p 
sc
he
du
le
, 
st
ar
tu
p 
de
liv
er
ab
le
s,
 fu
nc
tio
na
l 
te
st
in
g 
cr
ite
ria
, s
ta
rtu
p 
ac
ce
pt
an
ce
 c
rit
er
ia
. S
of
tw
ar
e 
ch
ec
ko
ut
, o
pe
ra
to
r t
ra
in
in
g 
pl
an
 
an
d 
tro
ub
le
sh
oo
tin
g 
ch
ec
kl
is
t a
re
 
no
t f
in
al
iz
ed
.  
  
 
So
m
e 
st
ar
tu
p 
re
qu
ire
m
en
ts
 h
av
e 
be
en
 
id
en
tif
ie
d.
 
 So
m
e 
st
ar
tu
p 
re
qu
ire
m
en
ts
 
ha
ve
 b
ee
n 
de
fin
ed
, a
nd
 
in
cl
ud
e 
st
ar
tu
p 
go
al
s 
an
d 
ac
ce
pt
an
ce
 c
rit
er
ia
, d
et
ai
le
d 
pr
oc
es
s 
de
sc
rip
tio
n,
 
ha
nd
lin
g 
of
 fe
ed
st
oc
k 
/ r
aw
 
m
at
er
ia
ls
 a
nd
 p
ro
du
ct
s,
 
sy
st
em
 d
ef
in
iti
on
s,
 s
ta
rtu
p 
ac
ce
pt
an
ce
 c
rit
er
ia
, 
pe
rfo
rm
an
ce
 a
cc
ep
ta
nc
e 
cr
ite
ria
, O
&M
 m
an
ua
l 
re
qu
ire
m
en
ts
, t
es
tin
g 
re
qu
ire
m
en
ts
.  
 So
m
e 
of
 th
e 
st
ar
tu
p 
pl
an
 
ha
s 
be
en
 d
ev
el
op
ed
, a
nd
 
in
cl
ud
es
 th
e 
di
vi
si
on
 o
f 
re
sp
on
si
bi
lit
y,
 tr
ai
ni
ng
 a
nd
 
te
st
in
g,
 s
ta
rt-
up
 
re
qu
ire
m
en
ts
 / 
go
al
s,
 
te
ch
no
lo
gy
 s
ta
rtu
p 
su
pp
or
t 
re
qu
ire
m
en
ts
, v
en
do
r 
su
pp
or
t r
eq
ui
re
m
en
ts
, 
or
ga
ni
za
tio
na
l 
re
sp
on
si
bi
lit
ie
s,
 c
le
an
in
g 
an
d 
pa
ss
iv
at
io
n,
 c
at
al
ys
t 
lo
ad
in
g,
 o
ff-
si
te
 w
as
te
 
di
sp
os
al
. 
Th
e 
st
ar
tu
p 
se
qu
en
ce
 / 
st
ar
tu
p 
sc
he
du
le
, t
he
 s
ta
rtu
p 
de
liv
er
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APPENDIX D 
FEED ACCURACY SCORESHEETS 
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Unweighted FEED Accuracy Score Sheets 
 
1. Project Leadership Team 
The project leadership team is comprised of individuals each representing the interests of their respective 
stakeholders (e.g., owner, engineer, contractor, etc.) and are adept in the relevant subject matter in order to 
contribute to the decision making process that leads to favorable project outcomes. 
 
Factors for Review 
 High Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
1a. Leadership team’s previous 
experience planning, 
designing and executing a 
project of similar size, scope, 
and/or location, including 
FEED 
      
1b. Stakeholders are 
appropriately represented on 
the project leadership team 
      
1c. Project leadership is 
defined, effective, and 
accountable 
      
1d. Leadership team and 
organizational culture 
fosters trust, honesty, and 
shared values 
      
1e. Project leadership team’s 
attitude is able to 
adequately manage change 
      
1f. Key personnel turnover, 
e.g., how long key personnel 
stay with the leadership team 
      
 Project Leadership Team Total Score  
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2. Project Execution Team 
The project execution team is the group of individuals responsible for executing the project. This group may 
be comprised of several project team members including the project manager, team leads, key stakeholders, 
vendors, and/or customer representatives. 
 
Factors for Review 
 High Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
2a. Technical capability and 
relevant training/certification 
of the execution team 
      
2b. Contractor/Engineer’s team 
experience with the location, 
with similar projects, and with 
the FEED process  
      
2c. Stakeholders are appropriately 
represented on the project team 
(e.g., contractor, operations and 
maintenance, key design leads, 
project manager, sponsor) and 
have a clear understanding of the 
project scope 
      
2d. Level of involvement of design 
leads or managers in the 
engineering process  
      
2e. Key personnel turnover 
including the 
stability/commitment of key 
personnel on the owner side 
through the FEED process 
      
2f. Co-location of execution team 
members        
2g. Team culture or history of the 
execution team working 
together  
      
 Project Execution Team Total Score  
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3. Project Management Process  
The project management process is the availability and application of standardized tools and methods to 
adequately implement clear requirements for the FEED process. 
 
Factors for Review High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
3a. Communication within the 
team is open and effective; a 
communication plan with 
stakeholders is identified  
      
3b. Organization implements and 
follows a front end planning 
process (e.g., phase gates, clear 
requirements), has a formal 
structure or process to prepare 
FEED and implements 
planning tools (e.g., checklists, 
simulations, and workflow 
diagrams) that are used 
effectively.  
      
3c. Priority between cost, 
schedule, and required project 
features is clear  
      
3d. Significant input of 
construction knowledge into 
the FEED process 
      
3e. Adequate process for 
coordination between key 
disciplines 
      
3f. Alignment of FEED process 
with available project 
information, including the 
existence of peer reviews and a 
standard procedure for 
updating FEED 
      
3g. Documentation of information 
used in preparing FEED       
3h. Review and acceptance of 
FEED by appropriate parties       
 Project Management Process Total Score  
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4. Project Resources 
Project resources are defined as the availability of key resources to support the FEED process, such as 
personnel, time, access, funding, technology/software availability, etc. 
 
Factors for Review High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
4a. Commitment of key 
personnel on the project 
team  
      
4b. Calendar time allowed for 
preparing FEED 
Management tools available 
including 
technology/software 
      
4c. Local knowledge (e.g., 
institutional memory, 
understanding of laws and 
regulations, understanding of 
site history) and access to 
visit and evaluate the site  
      
4d. Quality and level of detailed 
of engineering data available        
4e. Amount of funding 
allocated to perform FEED       
4f. Availability of standards 
and procedures (e.g., 
design standards, standard 
operating procedures, and 
guidelines) 
      
 Project Resources Total Score  
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Weighted FEED Accuracy Score Sheets 
 
The following tables are the same as the previous accuracy score sheets; however, 
these tables contain the weights for each accuracy factor. 
 
1. Project Leadership Team 
The project leadership team is comprised of individuals each representing the interests of their respective stakeholders 
(e.g., owner, engineer, contractor, etc.) and are adept in the relevant subject matter in order to contribute to the decision-
making process that leads to favorable project outcomes. 
 
Factors for Review 
 High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
1a. Leadership team’s previous 
experience planning, designing 
and executing a project of similar 
size, scope, and/or location, 
including FEED 
6 5 3 2 0  
1b. Stakeholders are appropriately 
represented on the project 
leadership team 
6 5 3 2 0  
1c. Project leadership is defined, 
effective, and accountable 5 4 3 1 0  
1d. Leadership team and 
organizational culture fosters 
trust, honesty, and shared values 
5 3 2 1 0  
1e. Project leadership team’s attitude 
is able to adequately manage 
change 
2 1 1 0 0  
1f. Key personnel turnover, e.g., 
how long key personnel stay with 
the leadership team 
1 1 1 0 0  
Project Leadership Team 
Maximum Score = 25 Project Leadership Team Total Score  
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2. Project Execution Team 
The project execution team is the group of individuals responsible for executing the project. This group may be comprised 
of several project team members including the project manager, team leads, key stakeholders, vendors, and/or customer 
representatives. 
 
Factors for Review 
 High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
2a. Technical capability and relevant 
training/certification of the execution 
team 
7 5 3 2 0  
2b. Contractor/Engineer’s team 
experience with the location, with 
similar projects, and with the FEED 
process  
6 5 3 2 0  
2c. Stakeholders are appropriately 
represented on the project team (e.g., 
contractor, operations and 
maintenance, key design leads, project 
manager, sponsor) and have a clear 
understanding of the project scope 
5 4 3 1 0  
2d. Level of involvement of design leads 
or managers in the engineering 
process  
3 2 2 1 0  
2e. Key personnel turnover including the 
stability/commitment of key 
personnel on the owner side through 
the FEED process 
3 2 1 1 0  
2f. Co-location of execution team 
members  2 1 1 0 0  
2g. Team culture or history of the 
execution team working together  1 1 1 0 0  
Project Execution Team Maximum 
Score = 27 Project Execution Team Total Score  
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3. Project Management Process  
The project management process is the availability and application of standardized tools and methods to adequately 
implement clear requirements for the FEED process. 
 
Factors for Review High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
3a. Communication within the team is open 
and effective; a communication plan with 
stakeholders is identified  
5 3 2 1 0  
3b. Organization implements and follows a 
front end planning process (e.g., phase 
gates, clear requirements), has a formal 
structure or process to prepare FEED, and 
implements planning tools (e.g., checklists, 
simulations, and workflow diagrams) that 
are used effectively.  
4 3 2 1 0  
3c. Priority between cost, schedule, and 
required project features is clear  4 3 2 1 0  
3d. Significant input of construction 
knowledge into the FEED process 2 2 1 1 0  
3e. Adequate process for coordination between 
key disciplines 2 2 1 1 0  
3f. Alignment of FEED process with available 
project information, including the 
existence of peer reviews and a standard 
procedure for updating FEED 
2 1 1 0 0  
3g. Documentation of information used in 
preparing FEED 1 1 1 0 0  
3h. Review and acceptance of FEED by 
appropriate parties 1 1 0 0 0  
Project Management Process Maximum 
Score = 21 Project Management Process Total Score  
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4. Project Resources 
Project resources are defined as the availability of key resources to support the FEED process, such as personnel, time, 
access, funding, technology/software availability, etc. 
 
Factors for Review 
High 
Performing 
Meets 
Most 
Meets 
Some 
Needs 
Improvement 
Not 
Acceptable 
Row 
Score 
4a. Commitment of key personnel on the 
project team  6 4 3 1 0  
4b. Calendar time allowed for preparing 
FEED and management tools available 
including technology/software 
5 4 2 1 0  
4c. Local knowledge (e.g., institutional 
memory, understanding of laws and 
regulations, understanding of site 
history) and access to visit and 
evaluate the site  
4 3 2 1 0  
4d. Quality and level of detailed of 
engineering data available  4 3 2 1 0  
4e. Amount of funding allocated to 
perform FEED 4 3 2 1 0  
4f. Availability of standards and 
procedures (e.g., design standards, 
standard operating procedures, and 
guidelines) 
4 3 2 1 0  
Project Resources Maximum Score = 
27 Project Resources Total Score  
 
FEED ACCURACY TOTAL SCORE  
                                                   (Maximum Score = 100) 
 
This score represents the accuracy index between 0 and 100, with 100 having the highest 
possible accuracy.
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APPENDIX E 
 FEED ACCURACY FACTOR DESCRIPTIONS 
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1. PROJECT LEADERSHIP TEAM 
 
The project leadership team is comprised of individuals each representing the 
interests of their respective stakeholders (e.g., owner, engineer, contractor, etc.) and are 
adept in the relevant subject matter in order to contribute to the decision-making process 
that leads to favorable project outcomes.  
 
Factor Project Leadership Team Accuracy Factors Description 
1a. Leadership team’s previous 
experience planning, designing 
and executing a project of 
similar size, scope, and/or 
location, including FEED 
Previous experience increases the 
familiarity of the leadership team with 
the project planning, design, and 
execution processes. Repetition plays 
a major role in both organizational 
learning (lessons learned) and in the 
creation of routines and capabilities in 
general. 
1b. Stakeholders are appropriately 
represented on the project 
leadership team (e.g., sponsor, 
marketing, project management, 
operations and maintenance) and 
have a clear understanding of the 
project scope 
Proper stakeholder input provides the 
leadership team with diverse expertise 
that covers both the technical and 
management areas of the project. This 
diverse expertise facilitates better 
solutions and sound judgments to the 
problems faced by the team. 
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Factor Project Leadership Team Accuracy Factors Description 
1c. Project leadership is defined, 
effective, and accountable 
Project leadership roles will vary 
across organizations and typically 
include a venture manager, project 
sponsor, project director, construction 
manager, operation manager and 
others. Additionally, organizational 
structure typically follows the 
hierarchy of executive steering 
committee, project leadership team 
and project execution team. 
Furthermore, the project sponsor and 
board of directors can affect the 
accuracy of a project. These 
individuals ultimately will be held 
accountable for project success. 
Moreover, components of good 
leadership typically include: 
• Good general knowledge of 
contracting strategy, project 
phases, and project delivery 
systems for the construction 
industry  
• Good understanding of related 
business critical success factors  
• Capacity to determine and align 
the needs of the key stakeholders  
• Adequate understanding of 
facilities operations and start-up  
• Good understanding of assessing 
and managing uncertainties and 
risks 
1d. Leadership team and 
organizational culture in the 
support of FEED fosters trust, 
honesty, and shared values 
Culture is, by definition, the display of 
behaviors. Organizational culture is a 
system of common assumptions, 
values, and beliefs, which governs 
how people behave in organizations. 
Organizational values and beliefs 
displayed in the leadership team 
should align with the development and 
outcomes of a successful FEED.  
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Factor Project Leadership Team Accuracy Factors Description 
1e. Project leadership team’s attitude 
is able to adequately manage 
change 
The project leadership team’s attitude 
is able to adequately manage change. 
The leadership team having processes 
to manage change; and whether 
change has (or has not) created a 
negative attitude, may affect the 
accuracy of FEED.   
1f. Key personnel turnover, e.g., 
how long key personnel stay with 
the leadership team 
Personnel turnover is a measure of 
how long individuals stay with the 
leadership team and how often they 
are replaced. Excessive turnover will 
lead to loss of knowledge and 
perspective. Stable and committed 
FEED teams will be more productive 
and generate more valuable outcomes 
because stability and commitment of 
the team will create an uninterrupted 
FEED process flow. For example, key 
personnel at different levels on the 
leadership team should show their 
commitment throughout the FEED 
process by always communicating its 
objectives and its required 
deliverables. A plan is in place to 
prevent turnover or mitigate when 
turnover is experienced. 
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2. PROJECT EXECUTION TEAM 
 
The project execution team is the group of individuals responsible for executing the 
project. This group may be comprised of several project team members including the 
project manager, team leads, key stakeholders, vendors, and/or customer representatives. 
 
 
Factor Project Execution Team 
Accuracy Factors Description 
2a. Technical capability and relevant 
training/certification of the 
execution team  
The execution team has individuals 
with the necessary experience, 
technical background, and training 
in the relevant subject matter to 
provide professional input and 
contribute to decision making based 
on acceptable best practices and 
recognizable standards and methods. 
Training includes Project Definition 
Rating Index (PDRI) training, FEED 
training, and any other project-
specific and/or technology-specific 
training. Also, project execution 
team members ideally have 
knowledge of local/regional 
regulations and permitting/design 
requirements.  
2b. Contractor/Engineer’s team 
experience with the location, with 
similar projects, and with the FEED 
process 
Previous experience increases the 
familiarity of the execution team 
with the project planning, design, 
and execution processes. Repetition 
plays a major role in both 
organizational learning (lessons 
learned) and in the creation of 
routines and capabilities in general.  
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Factor Project Execution Team 
Accuracy Factors Description 
2c. Stakeholders are appropriately 
represented on the project 
execution team (e.g., contractor, 
operations and maintenance, key 
design leads, project manager, 
sponsor) and have a clear 
understanding of the project scope 
Proper stakeholder input provides 
the execution team with diverse 
expertise that covers the technical 
and management areas of the 
project. This diverse expertise 
facilitates better solutions to the 
problems faced by the team. These, 
in turn, help improve team 
alignment by providing a sound 
foundation for a successful FEED. 
Stakeholders effectively 
communicate expectations to the 
project team, monitor progress, and 
assist with key decisions. 
2d. Level of involvement of design 
leads or managers in the 
engineering process 
The involvement of design leads or 
managers helps develop and 
maintain a collaborative business 
environment in which an 
organization can achieve its strategic 
and mission goals. Lack of 
involvement by design leads or 
managers may lead to poor 
coordination and quality issues. 
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Factor Project Execution Team 
Accuracy Factors Description 
2e. Key personnel turnover, including 
the stability/commitment of key 
personnel on the owner side 
throughout the FEED process 
Personnel turnover is a measure of 
how long individuals stay with the 
execution team and how often they 
are replaced. Excessive turnover will 
lead to loss of knowledge and 
perspective. Stable and committed 
FEED teams will be more 
productive and generate more 
valuable outcomes because stability 
and commitment of the team will 
create an uninterrupted FEED 
process flow. For example, key 
personnel at different levels on the 
owner side should show their 
commitment throughout the FEED 
process by always communicating 
its objectives and its required 
deliverables. A plan is in place to 
prevent turnover or mitigate when 
turnover is experienced. 
2f. Co-location of execution team 
members 
Team members who are co-located 
tend to develop a shared purpose, 
goals, and culture. The co-location 
of team members also facilitates the 
development of a positive team 
climate, independent team 
processes, maturation of team 
members, and the team itself. Lack 
of co-location may lead to lack of 
alignment and effective 
communication. Additionally, co-
location of team members may be 
affected by time-zones and language 
barriers. 
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Factor Project Execution Team 
Accuracy Factors Description 
2g. Team culture or history of the 
execution team working together  
Current or previous experiences of 
the execution team members 
working together on different 
projects increase the probability of 
more cohesiveness and familiarity 
with other team members’ strengths 
and expertise. Familiarity will 
improve the ability of the execution 
team to act in a coordinated manner. 
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3. PROJECT MANAGEMENT PROCESS 
 
The project management process is the availability and application of standardized 
tools and methods to adequately implement clear requirements for the FEED process. 
 
Factor Project Management Process 
Accuracy Factors Description 
3a. Communication within the team is 
open and effective; a 
communication plan with 
stakeholders is identified 
An open and effective 
communication channel exists at all 
times to transfer FEED information 
in an efficient and expedient 
manner. Communication is 
important for building and 
maintaining a productive interface 
between the FEED team and 
stakeholders.  
3b. Organization implements and 
follows a front end planning 
process (e.g., phase gates, clear 
requirements), has a formal 
structure or process to prepare 
FEED, and implements planning 
tools (e.g., checklists, simulations, 
and work flow diagrams) that are 
used effectively 
CII defines front end planning (FEP) 
as “the process of developing 
sufficient strategic information with 
which owners can address risk and 
decide to commit resources to 
maximize the chance for a 
successful project.” The FEP 
process is followed and includes a 
phase gate process; phase gates 
describe clear completion 
requirements. These requirements 
include a formal structure or process 
to prepare FEED, which is agreed 
upon by the stakeholders and is easy 
to implement. The formal FEED 
structure ensures work can be 
completed in a consistent manner, 
and results can be measured and 
compared. Additionally, planning 
tools are used to produce 
fundamental decisions and actions 
that shape and guide the FEED 
process. 
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Factor Project Management Process 
Accuracy Factors Description 
3c. Priority between cost, schedule, 
and required project features is 
clear 
Setting priorities enables the project 
team to determine which project 
aspect is most essential (e.g., cost, 
schedule, required features). These 
priorities support scope definition, 
decision-making, risk management, 
plan optimization, negotiating 
project changes, and integrated 
change control.  
3d. Significant input of construction 
knowledge into the FEED process 
Constructability (or buildability) is a 
project management technique to 
review construction processes from 
start to finish during the pre-
construction phase. In the case of 
FEED, with the significant input of 
construction knowledge, obstacles 
that typically hinder the construction 
process are identified well in 
advance to reduce or prevent errors, 
delays and cost overruns.  
3e. Adequate process for coordination 
between key disciplines 
A formal structure of interaction 
between the key disciplines 
involved in preparing FEED enables 
them to coordinate effectively. 
Specifically, a cross-trade 
coordination and collaboration plan 
exists to assist discipline leads, 
compliance reporting, audits, etc. 
3f. Alignment of FEED process with 
available project information, 
including the existence of peer 
reviews and a standard procedure 
for updating FEED  
The state of alignment between the 
FEED process and the available 
project information is confirmed 
using peer reviews, which serve as a 
first inspection point for the validity 
and quality of the work. Moreover, 
there are formal or prescribed 
methods to be followed routinely for 
updating FEED.  
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Factor Project Management Process 
Accuracy Factors Description 
3g. Documentation of information 
used in preparing FEED 
A records management plan exists, 
providing a process of classifying 
and recording FEED information in 
a consistent and clear manner. Good 
documentation is crucial for a 
successful FEED.  
3h. Review and acceptance of FEED 
by appropriate parties 
A formal and timely assessment or 
examination of FEED with the 
possibility of instituting changes, if 
necessary. If the FEED review and 
acceptance criteria are clear, then 
the appropriate parties only have to 
check the FEED deliverables against 
the requirements. These 
requirements are established at the 
beginning of the FEED process, 
where the objectives are understood. 
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4. PROJECT RESOURCES 
 
Project resources are defined as the availability of key resources to support the 
FEED process, such as personnel, time, access, funding, technology/software 
availability, etc. 
 
Factor Project Resources  
Accuracy Factors Description 
4a. Commitment of key personnel on 
the project team 
The availability and protected time of 
key team individuals who contribute 
to the preparation of FEED in a 
substantive and measurable way. 
Typically this also includes the 
availability/commitment of 
consultants with specialized 
skills/knowledge, who may or may 
not be “dedicated” to the project. 
4b. Calendar time allowed for 
preparing FEED 
The total number of allocated 
working days to prepare FEED, 
which is sufficient to allow 
reasonable effort and products rather 
than unrealistic expectations. 
4c. Local knowledge (e.g., 
institutional memory, 
understanding of laws and 
regulations, understanding of site 
history) and access to visit and 
evaluate the site 
The knowledge that the project team 
and subject matter experts have 
developed over time in a given area 
ensures that the FEED is based on 
experience and adapted to the local 
culture and environment. For 
international projects, the project 
team should consider government 
influence, international codes and 
standards, taxes, foreign exchange 
rates, and applicable labor laws. 
Additionally, access to the project 
site provides the project team with 
hands-on review and allows field 
verification of the site characteristics. 
This factor is extremely important for 
projects involving renovation and 
revamp construction activities. 
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Factor Project Resources  
Accuracy Factors Description 
4d. Quality and level of detail of 
engineering data available (e.g., as-
builts, geotechnical, renovation 
history, site information). 
FEED outputs are only as good as the 
engineering and project management 
data used. FEED data are generally 
considered high quality if they are 
detailed, timely, and adequate for 
their intended uses in planning, 
decision making, and operations. 
4e. Amount of funding allocated to 
perform the FEED 
Sufficient funds to support the FEED 
process from initiation until the final 
FEED deliverables are documented 
and approved. 
4f. Availability and understanding of 
standards and procedures (e.g., 
design standards, standard 
operating procedures, and 
guidelines) 
Availability, knowledge, and 
experience with applicable codes; 
clarification documents; and 
organizational, international, and 
national standard methodologies that 
specify characteristics and technical 
details that must be met by the 
project, systems and processes that 
FEED covers. 
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APPENDIX F 
 WORKSHOP DATA COLLECTION FORMS 
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PARTICIPANT BACKGROUND AND PROJECT INFORMATION SHEET 
 
A. Background Information 
Name	 	
Date	 	
Company	Name	 	
Company	Contact	  
Company	Position	 	
Department/Division	 	
Company	Address	 	
City	 	 State	 	 Zip	 	
Phone	 	
Email	 	
 
B.	Assessed	Project	Background	Information	
Name	of	Project		 	
City	  State/Provinc
e	 	
Please	provide	a	brief	project	description	including	the	scope	of	the	project:	
 
Was	the	project	new	construction,	renovation/revamp,	or	both?	   
	
Estimated	total	installed	cost	of	the	project	($	US)	     
	
Estimated	construction	duration	of	the	project	(Months)	  
How	would	you	classify	this	industrial	project?	(e.g.,	power	plant,	refinery,	
chemical	plant,	 heavy	industrial,	compression	facility,	and	so	forth)	   
Please	describe	the	driver	for	this	project	(e.g.,	necessary	maintenance	or	replacement,	innovation,	
technology	upgrade,	 governmental	regulation,	other):	
  
Date  
Company Name  
Company Contact  
Company Position  
Department/Division  
Company Address  
City  State  Zip  
Phone  
Email  
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C. Project Schedule Information
Item Planned (Date - Month/Year) Actual (Date - Month/Year)
Please provide the following schedule information (if known)
Completion Date of Detailed Design
Start Date of Construction
D. Project Cost Information
Please provide the following cost information to the nearest $10k (if known)
Start Date of Detailed Design
Completion Date of Construction
Do you have an comments regarding any causes or effects of schedule changes (e.g., special causes, freak occurrences, etc.)?
Total Design Costs*
Actual Cost at End of ProjectBudgeted Costs at Start of Detailed Design
Construction Costs
Please describe any 'Other' costs listed above that were realized on the project:
* - Total design costs include all engineering and architect fees, including feasibility studies, planning, programming, etc.
Owner's Contingency
Other**
Total Installed Cost
** - Other costs may include major equipment procurement, owner's project management costs, etc. 
Item
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Do you have any comments regarding any causes or effects of significant change orders (e.g., special causes, freak occurrences, etc.)?
F. Financial Information
Do you have any additional comments regarding customer satisfaction?
E. Project Change Information
What were the total number of change orders issued (during both detailed design and 
construction)?
What was the total dollar amount (US Dollars) of all positive dollar amount change 
orders?
What was the total dollar amount (US Dollars) of all negative dollar amount change 
orders?
G. Customer Satisfaction
Reflecting on the overall project, rate the success of the project using a scale of 1 to 5, 
with 1 being very unsuccessful and 5 being very successful
What was the net project duration change resulting from change orders? (+/- in days)
What level of approval was required for the project? (e.g., local, regional, corporate, 
board of directors, other)
On a scale of 1 to 5 (1 being far short of expectations, 5 being far exceeding expectations 
at authorization), how well was the actual financial performance of the project matched 
expectations?
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SUGGESTIONS FOR IMPROVEMENT SHEET 
 
Name:_______________________ 
Date:________________________ 
General Comments: 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________________ 
 
Please answer the following questions regarding the Accuracy Assessment Tool. 
 
Is the list of factors complete?  If not, please list all others that should be added. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________________ 
 
Are any of the factors redundant? 
If so, please list and provide any recommended changes. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________________ 
Are any of the definitions unclear or incomplete? 
If so, please list and provide any recommended changes. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________ 
Do you have any other suggestions for improving the Accuracy Assessment Tool? 
________________________________________________________________________
________________________________________________________________________
  267 
 
________________________________________________________________________
________________________________________________________ 
 
Please answer the following questions regarding the Maturity Assessment Tool. 
 
Is the list of elements complete?  If not, please list all others that should be added. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________ 
 
Are any of the elements redundant? 
If so, please list and provide any recommended changes. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________ 
 
Are any of the definitions unclear or incomplete? 
If so, please list and provide any recommended changes. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________ 
 
Do you have any other suggestions for improving the Maturity Assessment Tool? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________ 
 
